An economic analysis of resource and income uses among farm households of Ethiopia: application of household production model by Teklu, Tesfaye
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1984
An economic analysis of resource and income uses
among farm households of Ethiopia: application of
household production model
Tesfaye Teklu
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Economics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Teklu, Tesfaye, "An economic analysis of resource and income uses among farm households of Ethiopia: application of household
production model " (1984). Retrospective Theses and Dissertations. 7801.
https://lib.dr.iastate.edu/rtd/7801
INFORMATION TO USERS 
This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted. 
The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 
2. When an image on the film is obliterated wiLh a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of "sectioning" the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete. 
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 
Universi^ 
MioOTlms 
Intemationcil 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 

8423747 
Teklu, Tesfaye 
AN ECONOMIC ANALYSIS OF RESOURCE AND INCOME USES AMONG 
FARM HOUSEHOLDS OF ETHIOPIA: APPLICATION OF HOUSEHOLD 
. -iODUCTION MODEL 
Iowa State University PH.D. 1984 
University 
Microfilms 
intern&tionâl SOON. Zeeb Road, Ann Arbor, Ml 48106 

An economic analysis of resource and income uses 
among farm households of Ethiopia: 
Application of household production model 
by 
Tesfaye Teklu 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major: Economics 
Approved ; 
In Charge of Major Work 
For the MaTor Department
aduate College
Iowa State University 
Ames, Iowa 
1984 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
DEDICATION ix 
INTRODUCTION 1 
CHAPTER 1. BASIC ECONOMIC PROFILE OF FARM HOUSEHOLDS 5 
Data Sources and Methodology 5 
Resource Utilization and Production Practices 10 
Consumption Profile of Farm Households 45 
Some Guiding Thoughts 54 
CHAPTER 2. REVIEW OF THEORETICAL AND EMPIRICAL STUDIES 59 
Farm Household Production Models 59 
Applications and Empirical Studies 87 
Empirical Model and Estimation Procedures 104 
CHAPTER 3. CROP PRODUCTION AND RESOURCE USE PRACTICES: 
A DICHOTOMIZED MODEL (A) 106 
A Linear Programming Problem 106 
The Data Set 115 
Validation of the Models 118 
Empirical Results and Analysis 120 
CHAPTER 4. ESTIMATION OF CONSUMPTION FUNCTIONS: 
A DICHOTOMIZED MODEL (B) 136 
Data Set 136 
Estimation Procedure 139 
Preliminary Results 146 
Estimation of Linear Expenditure System (LES) 151 
CHAPTER 5. A RECURSIVE PRODUCTION-CONSUMPTION FARM 
HOUSEHOLD MODEL 159 
Introduction 159 
Land Allocation Programs 161 
Price Support Program 169 
CONCLUSIONS 174 
A Venue for Future Research Study 178a 
FOOTNOTES 179 
BIBLIOGRAPHY 185 
ACKNOWLEDGEMENTS 189 
iii 
APPENDIX A 190 
APPENDIX B: A SUMMARY DATA ON PRODUCTION AND 
CONSUMPTION OF REPRESENTATIVE FARMS 194 
APPENDIX C; A SUMMARY DATA ON LABOR SUPPLY AND 
USES OF REPRESENTATIVE FARMS 197 
APPENDIX D: AVERAGE PRICES FOR SELECTED 
COMMODITIES, 1978 200 
APPENDIX E: METRIC EQUIVALENTS AND CURRENCY EXCHANGE 
RATE 202 
iv 
LIST OF TABLES 
Page 
Table 1-1. Age-sex distribution in Shasheraene 
villages 10 
Table 1-2. Distribution of annual family labor in 
Shasheraene villages 11 
Table 1-3. Ratios of crop specific input uses on 
farm basis-Shashemene villages 14 
Table 1-4. Crop specific demand for farm labor (in 
person hours/farm) by source-Shashemene 
villages 17 
Table 1-5. Crop specific demand for labor per farm 
by type of operation-Shashemene villages 18 
Table 1-6. Crop specific seasonal labor requirements 
per farra-Shashemene villages 19 
Table 1-7. Resource utilization and productivity for 
selected crops-Shashemene villages 22 
Table 1-8. Comparison of yields ('000 kgs/ha) for 
selected crops 24 
Table 1-9. Age-sex distribution in Dangella villages 29 
Table 1-10. Allocation of annual family labor hours-
Dangella villages 31 
Table 1-11. Ratios of crop specific input uses per 
farm basis-Dangella villages 32 
Table 1-12. Crop specific demand for farm labor (in 
person hours/farm) by source-Dangella 
villages 36 
Table 1-13. Crop specific demand for labor per farm 
by type of operation-Dangella villages 38 
Table 1-14. Crop specific seasonal labor requirements 
per farm-Dangella 39 
V 
Page 
Table 1-15. Resource utilization and productivity for 
selected crops-Dangella villages 41 
Table 1-16. A schematic structure of consumption data 48 
Table 1-17. Average mean expenditures by commodity 
group-Shashemene 52 
Table 1-18. Mean expenditures by commodity groups-
Dangella 53 
Table 1-19. Sample product moment correlation 
coefficients for selected variables-
Shashemene 55 
Table 1-20. Sample product moment correlation 
coefficients for selected variables-
Dangella 58 
Table 2-1. Estimated elasticities for selected 
commodities under alternative assumptions 
of farm profits 102 
Table 3-1. Data on annual nutritional requirements 
for representative households 117 
Table 3-2. Crop specific subsistence consumption 
requirements 118 
Table 3-3. Simulation of existing land allocation, 
food consumption and levels of cash farm 
income 119 
Table 3-4. A summary of results on return and uses 
of resources: lower plain villages 125 
Table 3-5. A summary of results on return and uses 
of resources: Uplands Shashemene 127 
Table 3-6. A summary of results on return and uses 
of resources: Dangella area 133 
Table 3-7. A summary of results on return and uses 
of resources: Abella villages 134 
Table 4-1. Estimated coefficients of linear 
expenditure system 156 
vi 
Page 
Table 5-1. Parametric results of land distribution 
program on production model 166 
Table 5-2. Selected income induced consumption 
elasticities 169 
Table 5-3. Parametric results of price support 
program on production model 173 
Table B-1. A summary data on production and 
consumption of a representative farm -
Shashemene 195 
Table B-2. A summary data on production and 
consumption of a representative farm -
Dangella 196 
Table C-1. A summary data on labor supply and uses 
for a representative farm-Shashemene 198 
Table C-2. A summary data on labor supply and uses 
for a representative farm-Dangella 199 
Table D. Average retail prices for selected 
commodities. 1978 201 
Table E. Metric eauivalent and currencv exchange 
rate 203 
vii 
LIST OF FIGURES 
Page 
Figure I. A unified production, labor use and 
consumption decision 76 
Figure 2. An abridged structure of LP crop models 114 
viii 
LIST OF MAPS 
Page 
Map 1. Administrative and Physiographic Regions 
of Ethiopia 4 
Map 2. Shewa Administrative Region 9 
Map 3. Gojjam Administrative Region 28 
ix 
DEDICATION 
To my mother: W/o Asegedech Abebe (Emaye) 
1 
INTRODUCTION 
One may distinguish three features in the Ethiopian agricultural 
policies since the mid-1970s. First, a direct redistribution and regula­
tion of the use of resources; notably rural lands and farm labor. 
Second, a growing movement towards a reorganization cf the farm structure 
to large farms. And, finally, a greater participation of the government 
in production, pricing and marketing of agricultural products. The 
government, through its intervention policies, is playing a significant 
role in setting the direction and the pace of the development of the 
agricultural sector. 
These policies have a far reaching potential effects at all levels 
of the economy. At the farm household level, in particular, the adjust­
ments have to take in production structure, in utilization of resources 
and in consumption practices. The resulting total effects are likely to 
have an impact on the growth and performance of the farm economy. This, 
despite the government's intentions (37) to promote large scale farm 
schemes, is likely to continue for some foreseeable future. 
Assuming that the small farm economy will have a key role in the 
developmental process, it is necessary to develop a sound analytical base 
to understand the behavior of the farm households. This is the primary 
motivation of this study. Towards this end, we address three limited 
goals. One, to enhance the knowledge of the economic behavior of the 
farm households and their environment. Two, to develop a methodological 
framework that is designed to guide and formulate an empirical model for 
2 
the study of the actual decision making practices and for the prediction 
of behavior under changing policy environment. And, finally, to show its 
applicability through a simulation of the impact of government policies. 
The layout of the paper is organized in the same pattern as the 
ordered goals, i.e., discussion on data base, on theoretical models and 
empirical results. 
The first chapter Is a summary of descriptive studies on socio­
economic characteristics of farm households. It focuses on three main 
themes. First, it discusses the existing practices of production, 
resource use and consumption activities. Second, it identifies the main 
factors that influence the choice and mix of these farm activities. 
Finally, it draws inferences on the nature of the decision making process 
and the structure of the household economy. 
The second chapter is based on the knowledge of the economic 
features of the farm households. It introduces the basic household 
production model which, among its other features, recognizes the joint 
nature of decisions within a farm household. Following the discussion on 
this basic theoretical construct, two additional models are constructed 
as an adaptation to a particular economic environment. These models, the 
variants of the basic model, are intended to elucidate the significance 
of household-firm models in predicting economic behavior under alterna­
tive market conditions and assumed forms of decision processes. The 
chapter particularly emphasizes the implications of absent or regulated 
markets on modeling and prediction of farm household models. Then, it 
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concludes with a short survey of the empirical studies based on the basic 
model. 
The next three chapters are an extension of the empirical studies of 
the household production models. The data discussed in Chapter 1 form 
the analytical base. Chapter 3 and 4 assume that farm decisions are 
independent and treated as if production and consumption decisions are 
dichotomous. Chapter 3 presents a separate analytical discussion of 
household production decisions. Using the techniques of an adapted 
linear programming procedures, it examines the effects of alternative 
farm objectives on production patterns, resource mixes, and on farm 
income. The trade-offs among these goals are measured in terms of farm 
income and thereby on the economic welfare of the households. Chapter 4 
identifies the main consumption bundles, develops an empirical consump­
tion model and, then, using econometric procedures, estimates the 
influence of socio-economic variables on consumption decisions. The 
final chapter is a discussion on the methodology and applications of an 
integrated production and consumption model. Assuming a recursive 
process is the dominant feature of the decision making process, a simula­
tion procedure is developed to trace the impact of policy changes on 
choice variables. Specifically, land reform and price support programs 
are introduced alternatively and their impact on crop mixes, uses of 
land, labor and financial capital, net farm income, and total consumption 
elasticities are assessed. The scenarios are repeated under alternative 
resource availability and market conditions. 
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CHAPTER 1. BASIC ECONOMIC PROFILE OF FARM HOUSEHOLDS 
Data Sources and Methodology 
The study areas 
The data base for this study was generated from a survey of farm 
households in Shashemene and Dangella woredas^ (see Map 1). A total of 
125 farm households were interviewed on a weekly basis for a single crop 
year. The crop year varies depending on the duration of the growth 
process of the major crops. Hence, the data were collected for different 
periods. It varied between three-fourths to one calendar year in 
Shashemene and Dangella villages, respectively. 
Dangella woreda is located in the Gojjam administrative region (see 
Maps 1 and 3). It lies approximately within 10.75° to 11.5° N latitude 
and 36.5° to 37° E longitude. It is part of the Central Western 
Highlands Region. This region is made up of massifs and plateaus with a 
general elevation ranging between 2500 to 3000 meters (29). The climate, 
modified to a great extent by altitude, is temperate. The annual average 
temperature is about 18°C. And it receives a total average rainfall of 
1000 to 1400 mm a year (29). The rainfall, however, is concentrated 
heavily in the three summer months of June, July and August. 
Shashemene woreda is located approximately within 7.2° to 7.4° N 
latitude and 38.4° to 39° E longitude. It lies in the lower half of the 
Ethiopian Rift Valley (see Maps 1 and 2). This part of the valley is 
made up of a chain of lakes (Lakes Region) and is a narrow strip between 
the Central and Southern Highlands. Altitudinally the general elevation 
6 
rises from 1000 meters south of the Lakes Region to 1500 to 2000 meters 
in the Lakes Region, It then descends northwards in the Awash Valley. 
The area experiences a low rainfall from February to May and heavy 
rainfall from June to September. The annual rainfall ranges betweeen 900 
to 1200 mm a year. Within Shashemene woreda, it varies between 995 mm in 
the lower plains to 1150 mm on the higher grounds. 
The topographic and climatic features of these regions are 
associated with variations in cropping patteiis. In the highlands 
2 
between 1500-2400 meters, teff , v^eat and barley are the important 
cereal crops. Above 2400 meters, barley and wheat are the important 
crops. The most suitable areas for barley are between 2200-3000 meters. 
In the lowlands below 1500 meters, corn, sorghum and millet (warm weather 
crops) are the key crops. The two selected study areas reflect the 
contrasts in cropping pattern and practices. 
Sampling procedure 
The data collection was carried out in two phases. Phase one was 
designed to get broader information on production patterns and practices, 
on ownership structure of resources, and on demographic characteristics 
of the farm households (42 and 43). These data provide a general picture 
of the economic conditions of the farm population in the study areas. 
The second phase was intended to get more detailed information on crop 
production and household consumption practices. A subsample of the farm 
households who were covered in the first round was visited on a weekly 
interval basis in the second round. Each household was interviewed to 
7 
give specific information on daily farm inputs, income and consumption 
activities that occurred in the preceding week. 
The local peasant associations were the primary sampling units. The 
197 5 land reform (40) program requires that all farm households be 
grouped in peasant associations. By 1976, these associations were in 
place in the study areas. The lists of the farm households were fairly 
complete. However, they were reviewed, verified and updated. Then, 
using the number of the registered households as a base, a sample of 
peasant associations as primary units were drawn. 
From the sampled peasant associations, a 2.5 percent random sample 
of the farm households in Shashemene and a 5 percent sample in Dangella 
were taken. The sampling rates were determined primarily by considera­
tions of financial and manpower constraints. The target farm households 
were then drawn from these associations. The sample size in each associ­
ation was set in proportion to the farm households in all the sampled 
associations. The actual selection of the households was done using a 
random sampling procedure. 
The extent of the sampling errors and their implications to statis­
tical estimation and inferences have not been evaluated yet. As a 
result, caution is necessary in making conclusions from these results. 
Methods of data collection 
The direct interviewing approach was the primary instrument used in 
the collection of the data. There were two sets of questionnaires: one 
that was used in the first round (stock type questionnaire) and the other 
in the second round (flow questionnaire). The stock questionnaire was 
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administered only once. The flow questionnaire was used weekly for the 
whole survey crop year. 
The stock questionnaire had four major components. The first was a 
basic household profile. It focused on demographic features, educational 
levels and occupational distribution. The second part concentrated on 
cropping patterns and practices. Here, the focus was to identify the 
major crops, size of croplands, yields, crop seasons, and methods of 
production. The third component was a more intensive investigation into 
the tradition of farming and farming systems. The final section was on 
ownership, distribution and use of resources, mainly farm implements and 
draft animals. 
The flow questionnaire had six parts. The duration of each type of 
farm labor time in different activities was covered in the first part. 
The second part incorporated flows of nonlabor inputs as well as farm 
output. The third and fourth sections were on weekly expenditure and 
income flows, respectively. The last two sections were designed to trace 
the sources and the flow of funds among the farm households. 
Along with the administration of these questionnaires, supplementary 
surveys were undertaken to standardize local units. For standardizing 
land units, farm plots were randomly selected, their areas in local units 
defined and then measured in metric units. A similar procedure was used 
to standardize crop output. The same farm plots were used for crop 
cutting. In addition, each station in the research areas was equipped 
with weighing scales and scaled bottles to facilitate conversion of other 
weighing local units. A market price survey, both at farm gate and local 
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retail level, was conducted along with the weekly interviewing and field 
measurements. 
Resource Utilization and Production Practices 
The Lakes Region - Shashetnene woreda 
Demographic features 
family. The range varied between one to fourteen members. Within the 
average family, there were nearly an equal number of females to males 
(F/M = 0.997). A sizable portion of these members (0.40) were below the 
age of 10. And about 0.60 were in the working age group, i.e., 10-59 
years. 
The proportion of the farm population outside the economic 
productive period implies a crude dependency ratio of close to one. That 
is, there was nearly an equal proportion of nonproductive to productive 
family members. If the participation rates were adjusted for age-sex 
3 differences, the dependence ratio would in fact be higher. 
Table 1-1. Age-sex distribution in Shashemene villages^ 
Age-Group Male Female Both Sex Ratio 
Family structure There were on average 5 oersons per 
(M/F) 
Below 10 
10-59 
60 and over 
All ages 
0.39 
0.57 
0.04 
1 .00  
0.42 
0.55 
0.03 
1 .00  
0.41 
0.56 
0.03 
1 .00  
1 .06  
0.96 
0.83 
0.997 
^Source : Survey data, 1977-78. 
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Family labor force and participation Given the crude 
dependency ratio, each family on the average furnishes approximately 2.6 
4 
working persons. Each person spends about 1320 person hours per crop 
year (Table 1-2). A typical family thus has a total of 3,432 person 
hours of labor time at its disposal per crop year.^ 
Slightly over half (0,53) of the total labor time goes directly into 
crop production. Livestock herding and related activities take about 
0.42. The rest of the family's labor is used on tasks related to farm 
level capital formation. This takes different forms; construction and/or 
maintenance of houses, fences, storage, and farm tools. 
Table 1-2. Distribution of annual family labor in Shashemene villages^ 
Person-Labor Hours^ 
Activity Male Female Total 
Share 
of Total 
Crop production 
Own farm 
Cooperative farm 
Off-farm exchange 
1,128.44 
133.28 
282.31 
242.29 
15.58 
8.57 
1,371.13 
149.26 
291.28 
0.40 
0.04 
0.09 
Livestock production^ 1,013.39 437,57 1,451.36 0.42 
Capital formation 
Own farm 
Off-farm exchange 
135.26 
20.15 
10.5 146.16 
20.15 
0.04 
0 .01  
^Source: Survey Data, 1977-78. 
\.abor hours are aggregated regardless of age and sex. 
^Mainly tending and watering animals. 
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These tasks are generally shared among the working members on the 
basis of their age and sex status. The adult males undertake farm 
activities on a full time basis after age 14. They are often engaged in 
crop production with an intermittent participation in herding during 
slack crop seasons. Females over 14 and children between 10 to 14 
participate in farm activities on an occasional basis. The young members 
work primarily in tending livestock and in providing supporting services 
to household activities.^ 
Cropping patterns, practices and production 
Crop mixes The farmers on the highland part (Negelle 
villages) of the woreda cultivate on average 4.12 different crops per 
year. The range varies between one to nine crops. These crops are grown 
on a mean farm size of 2.26 hectares, with extreme values between 1.1 to 
4.0 hectares. 
The pattern is very much similar on the lower part of the region 
(southern villages). The farmers grow an average 3.7 crops per farm. 
The total cropland under cultivation varies between 0.71 to 2.03 hectares 
with a mean size of 1.35 hectares per farm. Compared to the farmers on 
the highland part, the mean crop area per farm is significantly lower in 
these villages. 
Cereal and pulse crops constitute the field crops. The others, 
mainly vegetables (cabbages, green peppers) and root-crops (potatoes), 
are garden crops. Typically the farmers on the highlands grow corn, and 
at least two of the cool weather crops (teff, wheat or barley). Those in 
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the lower plain grow corn, potatoes and peppers. None of these farmers 
grows teff, wheat and barley. There is thus a distinct variation in 
composition as we move from higher to lower elevations. 
Despite the multiplicity of crops that the farmers grow, the farmers 
concentrate their resources on a few cereal crops. Based on three 
ratios: the proportion of the number of growers, the proportion of area 
under specific crops and the share of total labor time; corn is a leading 
crop in both villages (Table 1-3). In 1977-78 crop year, all the farmers 
grew corn. Of that total, 85 percent cultivated land and slightly over 
half of the crop labor time was used in corn production in the lowland 
villages. Their respective shares were 0.65 and 0.37 in the upland 
villages. None of the other crops, except teff in the highland villages, 
utilized more than 10 percent of these resources. Hence, corn in the 
lower plain and corn plus teff in the upland villages constitute the main 
crops in the region. All the other, crops can be considered as secondary 
in their importance to the farm population. 
Labor uses The bulk of the labor required for crop produc­
tion comes from family labor. In 1977-78 crop year, not less than 90 
percent (Table 1-4) of the required labor was furnished by the working 
family members. The rest, which accounted for about 10 percent was 
obtained through exchange labor arrangements. None of the farmers 
reported to hire-in off-farm labor. 
Corn, as a leading crop in the region, absorbs a sizable amount of 
the total available labor time. Corn and the cool weather crops in 
upland villages jointly consumed about 90 percent of the farm labor. 
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Table 1-3. Ratios of crop specific input uses on farm basis-Shasheinene 
villages^ 
Upland Villages -Lower Plain Villages-
Area Labor Area Labor 
Crop Growers Sown Used Growers Sown Used 
Cereals 
Corn 1.00 0.65 0.37 1.00 0.85 0.56 
Millet 0.18 0.01 0.15 
Sorghum 0.04 0.02 0.08 0.39 0.02 
Barley 0.35 0.08 0.12 — 
Teff 0.65 0.12 0.12 — 
Wheat 0.35 0.05 0.09 — —  — 
Pulses 
Broad beans 0.47 0.02 0.12 — 
Field peas 0.18 0.01 — 
Haricot beans 0.06 0.001 NR^ 0.07 NR 0.07 
Kidney beans — — — - 0.39 0.04 NR 
Lentil 0.12 0.003 0.04 — — 
Fenugreek 0.06 0.002 NR — — 
OiIseeds 
Linseed 0.24 0.01 0.06 — — 
Spices 
Chili-peppers 0.06 0.03 NR 0.86 0.06 0.15 
Root crops 
Potatoes 0.36 0.003 0.02 0.68 0.02 0.07 
Source: Survey data, 1977-78. 
^NR: Not reported. 
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Corn followed by green peppers used three-fourths of the labor in the 
lower plains. The rest of the crops took individually a significantly 
lower share of the labor time. One possible explanation for variations 
in labor uses among these crops is the differences in the intensity of 
crop operations (Table 1-7). 
Teff and wheat are relatively more labor intensive crops in upland 
villages. For these crops, land preparations, planting and harvesting 
constitute the major tasks in the production process. Not less than 60 
percent of the total labor time used in the production of these crops 
went into these operations in the 1977-73 crop year. 
The per unit labor requirement for corn production varies across the 
villages in the region. It ranked second in its intensity, next from 
teff, in upland villages. But its intensity in the lowland villages 
exceeds any of the cereal crops in all the villages. One factor is a 
considerable difference in time allocated to weeding operations. The 
soils in the lower plains are highly favorable to a higher growth rate of 
weedings during the rainy months. The farmers in these villages put a 
relatively higher proportion of their time in this operation. Another 
possible explanation might be that the farmers in the highland villages, 
faced with a better opportunity to grow cool weather crops, could 
rationalize their use of labor time efficiently. 
The pattern of labor uses for other long maturing lowland crops -
millet and sorghum - is similar to corn production. A considerable share 
of labor time (0.4-0.6) goes into weeding operation. Not more than one-
fourth of the time goes into land preparations and planting operations. 
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The demand for farm labor also exhibits seasonal variations over a 
crop year. This follows generally the pattern of rainfall. For most of 
the crops, farming activities start during the main rain season (June-
September) and end at early months of the dry season (October-January). 
Partners growing long maturing crops, however, start land preparations and 
planting during the small rain season (March-May). 
The seasonal pattern in the lowland villages is strongly influenced 
by the timetable of corn production. About one-fourth of the annual 
labor is used during the small rains. It is followed by 44 percent and 
32 percent during the main and dry seasons, respectively. The highest 
rate during the main season is due to the amount of time devoted to 
weeding operations in corn production. The order slightly changes in 
highland villages with a greater share of the work being committed to the 
dry months. This is due to a combination of (i) lower weeding work in 
corn production and (ii) concentration of harvesting operations on cool 
weather crops in dry months. 
The peak workload occurs generally during the weeding months of 
July/August and harvesting months of November/December (Table 1-6). A 
relative slack in labor use appears in September/October before the crops 
are ready for harvest. Little or no farm labor is used in crop produc­
tion in the later months of the dry season; i.e., January and February. 
More time is devoted to marketing and livestock watering during these 
months . 
One of the consequences of the seasonality of employment is varia­
tion in the average length of a working day. The average hours per day 
Table 1-4. Crop specific demand for farm labor (in person hours/farm) by source-Shasliemene 
villages^ 
Upland Villages Lower Plain Villages 
—Family Labor— Exchange Labor All Labor— —Fanily I^or— Exchange Labor —All L^or— 
Crop }ble Female ^fa^e Female Male Female Male Female Male Fanale Male Female 
Corn 450.42 64.39 83.29 533.71 64.39 485.49 163.16 131.28 — 616.77 163.16 
Barley 160.36 24.44 8.23 168.59 24.44 — — 
Teff 157.02 19.43 13.03 170.05 19.43 — — — — 
Mieat 113.24 22.01 8.58 121.82 22.01 — — —— — 
Peppers — — — — — 156.46 47.31 — — 156.46 47.31 
Others 396.13 83.20 12.91 409.04 83.20 358.68 47.19 358.68 47.19 
Cereals 105.04 10.20 9.33 - 114.37 10.20 163.25 47.19 — — 163.25 47.19 
Pulses 158.01 29.00 3.58 161.59 29.00 101.26 — — — 101.26 — 
All crops 1,277.17 213.47 126.04 1,403.21 213.47 1,001.00 257.66 131.28 — 1,132.28 257.66 
Percent 78.8 12.4 7.8 86.6 12.4 72.0 18.5 9.5 81.5 18.5 
^ Source: Survey Data, 1977-78. 
Table 1-5. Crop specific demand for labor per farm by type of operation-Shashemene villages® 
Upland Villages -Lower Plain Villages-
Crop Operation Months Person-Hours Percent Person-Hours Percent 
Corn Field preparations 
and planting March/May 137.56 23 194.98 25 
Weeding May/Aug 191.39 32 327.57 42 
Harvesting Sept/Dec 179.43 30 163.79 21 
Threshing Nov/Dec 23.92 3 15.60 2 
Transporting Nov/Dec 65.79 11 77.99 10 
Barley Field preparations 
and planting May/Aug 79.14 41 
Weeding Aug/Sept 19.30 10 
Harvesting Nov/Dec 38.60 20 
Threshing Nov/Dec 25.09 13 
Transporting Nov/Dec 30.88 16 
Teff Field preparations 
and planting May/Aug 72.00 38 
Weeding Aug/Oct 37.90 20 
Harvesting Nov/Dec 37.90 20 
Threshing Nov/Dec 13.26 7 
Transporting Nov/Dec 28.42 15 
Peppers Field preparations 
and planting April/May 26,8 
Weeding May/Aug 54.61 48.8 
Harvesting Sept/Nov 99.44 16.1 
Threshing Sept/Nov 32,81 16.1 
Transporting Sept/Nov 16.91 8.3 
^Source: Survey data, 1977-78, 
^The field preparations for pepper fields involve mainly watering the plants. 
19 
Table 1-6. Crop specific seasonal labor requirements per farm-
Shashemene villages^ 
—Upland Villages- Lower Plain Villages 
Crop Season^ Months Percent Hours/Day Percent Hours/Day 
Corn Small-rain March/May 23 3.45 25 4.50 
Main-rain June/Sept 34 5.20 44 7.21 
Dry-months Oct/Dec 43 6.51 32 7.20 
Barley Small-rain May 2 3.15 — — — — 
Main-rain June/Sept 51 4.36 
Dry-months Nov/Dec 47 7.06 
Teff Small-rain May 5 3.58 
Main-rain June/Sept 43 5.13 — 
Dry-months Oct/Dec 52 7.45 — 
Peppers Small-rain Apr il/May — — 28 4.13 
Main-rain June/Sept 56 6.30 
Dry-months Oct/Nov — — 16 6.32 
All Small-rain March/May 15 — — 24 — — 
Main-rain June/Sept 38 44 
Dry-months Oct/Feb 47 32 
^Source : Survey data, 1977-78. 
^Season in the Ethiopian context is generally referred to in terms of 
the pattern of rainfall. The summer months are the main rain season 
(Krempt) and the winter months are the dry season (Belg). The other two 
seasons—fall (late Krempt) and spring (small rain) are not often 
distinctly distinguished. 
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vary significantly across the seasons. The farmers in the upland 
villages work more hours per day as the season progresses. For corn, the 
average length rises from about 4 hours in the early phase of production 
to 7 hours in the final stage. The pattern is the same for the other 
crops also (Table 1-6). The producers in the lower plains are less 
gradual than their counterparts in the highland areas. The average 
length of a working day sharply rises as the season moves into the main 
rainy months. The need for immediate weed controls puts pressure on the 
farmers to work longer hours in these months. 
The observed differences in the length of working days across 
seasons are related to two factors. One, the seedbed preparations and 
planting of most of the cereal crops compete for labor during the main 
rain months. But, since these crops mature at different lengths of time, 
the competition diminishes as the crop year draws to an end. 
Consequently, the length of crop specific working day varies as the 
farmers adjust their schedules to meet the seasonal demand for their 
labor. Second, the labor intensity associated with the different farm 
operations varies depending on the moisture of the soils and the type of 
technology in practice. Seedbed preparations and weeding operations are 
relatively more demanding in terms of human and animal energy than 
harvesting and threshing operations. There is thus a physical limit to 
the extent the farmers can work on these farm operations. These two 
factors explain that the length of working day varies depending on the 
number of farm enterprises, on the timing and type of farm operations, on 
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the existing level of technology, and on the physical condition of the 
farmers. 
Land uses The only form of land acquisition is through the 
government's land distribution program. Each household, as a member of a 
local peasant association, is entitled to farmland. The size depends on 
the size of membership and the total land available under the association 
at the time of the distribution. There is no strong evidence to support 
that there is a positive correlation (Table 1-19) between farm size and 
the size of working family members. 
The farmers in the region typically put aside not more than 10 
percent of the land for pasture and residential quarters. The rest is 
used to grow annual crops. How the land is allocated to different crops 
depends on three considerations. First, the adaptability of the crops to 
a specific physical environment-topography, soils and climate. Second, 
the popularity of the crops in the farmers' food menu. Finally, the need 
to augment farm income with cash. The first two factors have adapted 
over a longer period of time to exist in harmony and dictate the produc­
tion decision of the farmers. Corn, for example, is the popular crop 
despite its lower cash returns compared to teff (refer to Chapter 3). 
Cereal crops in general are the dominant crops followed by pulse and 
vegetable crops (Table 1—3). 
A comparison of individual farm sizes with the number of crops 
indicates the existence of positive relationships. As more land is 
available for cultivation the farmers tend to diversify by adding to the 
Table 1-7. Resource utilization and productivity for selected crops-Shashemene villages^ 
-Upland Village— -Lawer Plain Villages 
Avej-age Average Mean Average A/ere^ge 
Grovth Farm I^bor Productivity Productivity Qro^h fhrm Wx)r Productivity Productivity 
Rariod Size Intensity of l.and of Labor Iteriod Size Intensity of Land of Labor 
(months) (ha) (hrs/ha) ( '00 l<g/ha) ( '000 kgs/hr) (months) (ha) (hrs/ha) ( '00 kg/ha) ( '000 kgs/hr) 
Cbm 6-7 1.36 440.11 13.4 3.04 6-7 1.21 644.24 14.2 2.20 
Barley 5-6 0.47 411.10 7.6 1.85 4-5 
Ifeff 4-5 0.40 474.10 7,9 1.67 4-5 — 
^ Source: Survey data, 1977-78. 
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list of their crops. The correlation, however, is not conclusive and 
therefore does not warrant a strong generalization. 
There is little variation in the composition of crops across farm 
sizes. The only noticeable case is that of barley and linseed in upland 
villages. These crops were grown by farmers who operate more than 2.2 
hectares of croplands. 
Productivity of resources Estimates of the average farm 
output for selected crops are presented in terms of a unit of land 
(Qty/ha) and of labor (Qty/hr) . The actual estimates are done at three 
stages. First, the farmer's estimates of the amount of off-take were 
recorded on a weekly basis during the harvest months. Second, at the end 
of the field harvest, the farmers were asked to give their final 
estimates of their produces. Finally, these estimates were reconciled 
using the regional estimates (39) and then adjusted for moisture contents 
using the results from crop cutting surveys. 
A comparison of the yields with the regional and national estimates 
reveals strong similarities. The only exception is corn. Here, the 
farmers in the study villages are more successful in producing above the 
national level. Within the villages, there are no observable differences 
in yields. But the average productivity for labor varies from 3.04 kgs. 
in upland villages to 2.20 kgs. in the lower plains. The lower rate in 
the latter villages may be associated with a high degree of labor use per 
unit of land and the frequency of weeds. 
The available information is not sufficient to assess the technical 
efficiency of the farmers. That is, to measure the degree to which given 
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resources are used to produce a maximum output. Therefore, an additional 
information based on scientific studies are incorporated to form as a 
basis for comparisons. These studies are based on various selected 
experimental farmers' fields (20). The procedure assumes that farmers 
select the right mix of crops that are favorable to grow in a particular 
ecology and apply the recommended techniques and type of technology. The 
results indicate (Table 1-8) that the farmers in the study villages have 
potential to raise their yields at least by threefold. Even if the 
introduction of new technology is excluded, the farmers can possibly 
raise their productivity by adjusting their combination of outputs and 
resources. 
Table 1-8. Comparison of yields ('000 kgs/ha) for selected crops^ 
Experimental 
Results 
Gojjam Shewa National Level on Farmers' 
Crop Region^ Region^ 1977-78° 1978-79° Fields^ 
Teff 7.5 7.6 7.9 7.8 10.0-22.0 
Barley 4.3 6.0 7.8 7.4 40.0 
Corn 15.0 9.9 9.7 50.0 
Millet 10.5 5.2 9.7 8.8 
^Source: Compiled by the author. 
^Provisional Military Government of Socialist Ethiopia. Ministry of 
Agriculture. Land utilization, costs of production and farm implements. 
Planning and Programming Department, Addis Ababa: Author, September 
1978. 
^I.A.R., Handbook on Crop Production in Ethiopia. Addis Ababa: 
Author, 1979. 
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Fanning techniques and the level of technology 
Farm calendar The farm population grows primarily annual 
crops. The period of their maturity ranges between 3 to 8 months. 
Haricot beans and potatoes are the shortest cycle crops. They require 
between 3 to 4 months to mature. They are at times double cropped within 
a single year. The three highland crops (teff, wheat and barley), which 
grow mainly during the main rainy months, take between 4 to 5 months to 
be harvested. Corn, millet and sorghum are long maturing crops. The 
average growth period for these crops ranges between 6-8 months. 
The field preparations for the long maturing crops start immediately 
after the beginning of the early rains (February/March). In the case of 
corn, preparations for planting involve clearing the fields and plowing 
as many as three times. The seeds are usually broadcast in late April or 
early May depending on the availability of moisture. Weedings are done 
repeatedly, using hand, ox-plow and hoes, until the crops are ready for 
harvest. The farmers begin picking the green corn for their own consump­
tion in late August and September. Whatever is left standing on the 
field to dry is harvested in November or December. 
The seedbed preparations for teff, wheat and barley start at the 
early part of the wet season—June/July. Planting for barley is done 
much earlier to avoid possible losses due to late sowing. These crops 
are ready for harvest in late October or November. Once harvested, the 
farmers pile them up on the field for some time to let them dry. They 
thresh the crops using oxen and wooden sticks in November or December. 
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Among the secondary crops, the growth of peppers in the lowland 
villages takes a comparable period as corn, 6 to 7 months. The farmers 
usually plant in April/May and harvest in October/November. Because the 
crop is more suitable to grow on soils with a high moisture content, the 
farmers spend a good amount of their time on watering the plant in its 
early growth period. This partly explains why this crop is usually 
located around the farmers' backyard. 
Methods of production The farmers often use their own hands 
and axes to clear the crop fields. Ox-plowing is used to break up and 
loosen the soils, and to plant the seeds. It is also used for weeding 
and thinning long-stemmed crops like corn, millet and sorghum. For 
short-and soft-stemmed crops, weeding is done often by hand. Hoes and 
axes are used but infrequently. 
Sickles are generally used for cutting crops. Once the harvested 
crops are collected from the field and piled up on the threshing ground, 
farmers use a group of cattle and horses to thresh them. Wooden sticks 
are used instead of the volume of the harvested crop is small. Forks 
(wooden or metal) are used for separating the stalks from the grain. 
Land rotation is seldom practiced in the study villages. Most of 
the farmers, however, practice crop rotations. They grow legume crops 
intermittently but with less regularity in between cereal crops. The 
farmers believe that such practices could reduce the amount of weeds and 
raise the productivity of land. At times, they manure the fields to 
replenish the nutrients of the soils. 
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The use of chemical fertilizers and improved seeds is quite limited. 
Only 28 percent of the farmers in upland villages applied fertilizers in 
the 1977-1978 crop year. And none of the farmers used this input in the 
lower plains. For the same year, the adoption rates for improved seeds 
were 30 and 21 percent in upland and lowland villages, respectively. 
Even among those who adopt the technology, the usage appears much 
below what is desired to have significant impact, on yields. The farmers 
in the lowland apply improved seeds but not fertilizers. In the upland 
village, they combine both fertilizers and seeds on teff and barley 
fields. The average rate is 2.8 kgs/ha for chemical fertilizers. The 
rate is much lower than the recommended dosage (75 kilogram/hectare) for 
this part of the country. 
The low rates of usage of seed/fertilizer are attributed to three 
related factors. One, the improved seeds are not available at the right 
space and time when required. Second, their costs are prohibitive. 
Third, the extension program is too undeveloped to disseminate and to 
demonstrate the technology. Given the subsistence pattern of crop pro­
duction and the existing unfavorable terms of trade, the farmers have 
little incentive to adopt the technology on a large scale. 
Other farm practices which are less noticeable are intercroppings 
and double croppings. The highland cereal crops (teff, barley and wheat) 
are grown in pure stands. Some pulse crops (field peas and haricot 
beans) are, however, interplanted with the long-stemmed crops (corn and 
sorghum). The main crops are usually grown once a year. Double cropping 
prevails only with potatoes and haricot beans. 
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The Northwestern Central Highlands-Dangella woreda 
Demographic features 
Family structure On the average, a farm family with a male 
as head has about 5.7 persons. The size of families with a female as 
head ranges between 2 to 3 persons per unit. The dominant form is a 
family organized as an independent unit with a male as head.^ 
The overall sex ratio (F/M) is 0.89. That is, there are fewer 
females than males in the study population. A large segment of this 
population (0.40) is below 10 years. About 60 percent are in what is 
considered as a working age group (10-59). The predominantly young 
population suggests a higher rate of economic dependency. 
The crude dependency rate is about 0.75. That is, there is one 
nonproductive member for every 1.25 working member in a family unit. 
This obviously does not consider the marginal contributions of those 
outside the age group 10-59 years. Also, it is not adjusted for sex 
differentials within the working age groups. Notwithstanding these 
Table 1-9. Age-sex distribution in Dangella villages^ 
Age-Group Male Female Both Sex Ratio 
(F/M) 
Below 10 0,40 0.40 0.40 .88 
10-59 0.56 0.58 0,57 0.92 
60 and over 0,04 0.02 0.03 0.44 
All ages 1.00 1.00 1.00 
^Source: Survey data, 1978-79. 
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Limitations, the crude dependency suggests that an average farm family 
with 5.7 persons furnishes about 3.3 working members. 
Labor force and participation Farming is the sole occupa­
tion of the study population. Half of the family labor time goes into 
crop production. Each farmer on average grows 3.6 crops in the Dangella 
area and 4.6 corps in Abella villages. The next important activity is 
raising livestock. A typical farmer raises cattle and small ruminant 
animals—mainly goats and sheep. These animals are usually fed on 
natural pasture. Herding them constitutes the single most important 
production activity. Capital formation constitutes another area that 
absorbs farmers' labor time. This takes different forms—building 
houses, stables, storages, fences and canals. 
Based on the 1978-1979 survey data, an average working member spent 
8 9 1209.29 person-hours per crop year . 50 percent of these hours went 
into crop production. Livestock accounted for 36 percent of the total 
labor.The rest, i.e., capital formation and related farm activities, 
had a share of less than 15 percent. 
Groping pattern and production 
Crop mixes The farmers in the study villages raise at least 
3 crops per year. The average number in 1978-1979 crop year was 3.6 
crops in Dangella area and 4.7 in Abella villages. But, like the farmers 
in Shashemene villages, the bulk of the resources is committed to two or 
three cereal crops. Teff and barley jointly accounted for 80 percent of 
the total cultivated land and 76 percent of the total crop labor time in 
the Dangella area. Teff, millet and barley jointly absorbed three-
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Table 1-10. Allocation of annual family labor hours-Dangella villages^ 
Person-Labor Hours^ 
Share 
Activity Male Female Total of Total 
Crop production 
Own farm 1,405. 29 390. 39 1,796. 28 0. 45 
Cooperative farm 42. 42 7. 50 50. 32 0. 01 
Off-farm exchange 133. 20 24. 15 157. 35 0. 04 
Livestock production^ 
00 O
 ,05 310. 41 1,408, ,46 0. 36 
Capital formation 
Own farm 129 .28 44, .52 174 .20 0 .04 
Off-farm exchange 23 .24 11 .00 34 .24 0 .01 
Farm related 
activities 37 .29 11 .04 48 .33 0 .01 
Non farm activities 118 .36 201 .49 319 .85 0 .08 
^Source; Survey data, 1978-79. 
^Labor hours are aggregated regardless of age and sex. 
^Mainly tending and watering livestock. 
fourths o£ the land and labor committed to crop production in Abe11a 
villages. These main crops are thus sufficient to explain the pattern of 
resource uses in these villages. 
Corn, a leading crop in Shashemene, is grown here on plots around 
the farmsteads. Pulse crops are not widely grown. Among the oilseeds 
crops, the only noticeable crop is niger seeds. Its share of the total 
cultivated land was 6 percent in Dangella and 12 percent in Abella 
villages. 
Table 1-11. Ratios of crop specific input uses per farm basis-Dangella villages^ 
Dangella Villages Abella Villages 
Growth Growth 
Area Labor Period Area Labor Period 
Crop Growers Sown Used (Months) Growers Sown Used (Months) 
Cereals 
Teff 
Barley 
Millet 
Corn 
1.0 
0.64 
1.00 
0.65 
0.15 
0.05 
0.57 
0.19 
0.12 
6-7 
5-6 
7-8 
1 . 0  
0.7 
0 . 8  
0 . 8  
0.43 
0 . 1 1  
0.19 
0.09 
0.38 
0 . 1 0  
0 . 2 6  
0.13 
6-7 
3-4 
7-8 
7-8 
Oilseeds 
Niger seed 0.43 0.06 
Linseed 0.10 0.04 
0.04 
NR® 
5-6 
m 
0 .60  
0 .20  
0.12 
0 .02  
0.09 
0.02 
5-6 
NR 
Others 0.7 0.05 0.05 0.40 0.04 0 . 0 2  
^Source: Survey data, 1978-79. 
^NR = Not reported. 
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Uses of labor The family unit is the main source of labor, 
97 percent of the labor in Dangella areas and 81 percent in Abella 
villages were drawn from this source in the 1978-1979 crop year (Table 1-
12). Exchange labor is used but at quite a small scale; less than 5 
percent in Dangella villages and about 10 percent in Abella villages. 
Families with physical incapacitation and/or with no working members at 
times used hired labor. This form of labor constituted 10 percent of the 
workforce in Abella villages in 1978-1979 crop year. 
There are two noticeable facts about the participation of the 
nonfamily labor. One, it was mainly used on the production of main crops 
(teff, barley and millet). Two, its tendency was to substitute for 
female family labor. This is evident in the harvesting operations of 
teff crop in 1978-1979 crop year (Table 1-12). There were fewer female 
labor hours in Abella villages compared to Dangella area. The difference 
was largely made up by exchange labor. This suggests that the net effect 
of exchange labor on total farm labor depends on its relative 
displacement and complementary effects. 
The dominance of cereal crops is evident from their share of the 
total labor. Teff, the main cereal crop, absorbs the bulk of the labor. 
Its share in 1978-1979 crop year was 57 and 38 percent in Dangella and 
Abella villages, respectively (Table 1-11). Of this total, 70 percent 
went into three specific operations; seedbed preparations, planting and 
harvesting (Table 1-13). Barley, the second ranked crop in Dangella 
villages, absorbed about 20 percent. Its share in Abella villages, where 
it ranked third, was close to 10 percent. Millet crop grows only in 
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Abella villages. It was the second popular crop next to teff. About 30 
percent of the total labor was committed to its production in the 1978-
1979 crop year. 
Among these three main crops, millet was the most labor intensive 
crop (Table 1-15). It was followed by teff and then barley. These vari­
ations are associated with two factors. One is the length of growth 
period. Millet requires a relatively longer growing period; 7-8 months. 
For teff, it is 6 to 7 months. Barley has the shortest crop cycle—5 
months. The second factor is the different intensity of weeding opera­
tions. Millet requires a relatively higher labor per unit of land for 
weeding operations than the other two crops. The ratio between millet 
and teff was 3 to 1 in 1978-1979 crop year. The labor in-take of barley 
is generally negligible. 
There are also marked variations in labor uses across seasons (Table 
1-14). By and large, these variations are set by the availability and 
the distribution of rainfall. Most of the cropping activities start at 
the end of spring or early summer depending on the timing of rainfall. 
Seedbed preparations, planting and weedings are carried out intensively 
in these rainy months (June/August). The weedings for some crops 
continue to fall months. The crops are often ready for harvest in winter 
months (December/February). These months are hot and sunny and no crops 
are planted. The farmers plow the fields immediately after harvest as 
part of preparations for the next crop year. The slack months come 
during the maturing period of the crops (September and October) and in 
months following the main harvest (March to April). 
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While the distribution of rainfall sets the pattern of the season­
ality of labor uses, it is the crop mixes that determine the concentra­
tion of the workloads. It is obvious that the intensity of the seasonal 
operations of the main crops corresponds with the intensity of the 
aggregate seasonal labor uses. The peak season in these villages occurs 
during the dry months of December to February. These months correspond 
with the busiest season of the farmers who grow teff. So the dominant 
crop, by and large, influences the distribution of work efforts. 
The intensity of work, as measured in terms of average hours per 
day, shows little variations across the seasons. A male farmer works on 
average 7.5 hours per day. The females generally work for shorter hours 
per day. No significant seasonal variations are observable in length of 
time, except a slight increase during the harvest months. 
Land uses The farmers, like their counterparts in the 
South, had access to land through participation in State recognized 
Peasant Associations. Any other forms of land holdings are not allowed 
by law. The average cropland in Dangella villages was 2.2 hectares per 
farm in 1978-1979 crop year. Over three-fourths of the farmers had 
between 1.5 to 3 hectares. In Abella villages, the average was 3.4 
hectares, with extremes between 1 to 5 hectares. Over half of the 
farmers in these villages had no less than 3 hectares of land. 
A total of 65 percent of the croplands in Dangella and 43 percent in 
Abella villages were used in teff production. The average size of teff 
farm was 1.40 hectares in Dangella and 1.46 hectares in Abella. 
Table 1-12. Crop specific demand for farm labor (in person hours/farm) 
by source-Dange11a villages^ 
—Family Labor— 
Crop Male Female 
Dangella Villages --------
Exchange Labor All Labor 
Male Female Male Female 
Cereals 
Teff 651.10 292.2 27.26 — 678.36 292.2 
Barley 244.38 67.46 18.05 — 262.43 67.46 
Millet — — — — 
Corn 144.07 114.04 — — 144.07 114.04 
Oilseeds 
Niger seed 53.1 18.0 10.0 — 63.1 18.0 
Lin seed — — — — — — 
Others 66.42 18.15 — — 66.42 18.15 
^Source: Survey data, 1978-79. 
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- - - - - - - - - - - - - -  - A b e L I a  V i l l a g e s -  - - - - - - - - - - - - -
—Family Labor -Exchange Labor- —Hired Labor— All Labor 
Male Female Male Female Male Female Male Female 
606.17 
145.21 
396.34 
206.11 
62.52 
31.41 
87.37 
81.43 
101.35 
24.11 
74.08 
1 1 6 . 0  
7.11 
45.12 
6.15 
823.52 
176.43 
515.54 
2 1 2 . 2 6  
62.52 
31.41 
87.37 
81.43 
1 6 2 . 1 0  
64.88 
8.40 22.07 19.0 203.17 
64.88 
8.40 
34.0 14.0 34.00 14.0 
Table 1-13. Crop specific demand for labor per farm by type of operation-Dange11a villages* 
Dangella Villages Abella Villages 
Crop Operation Months Person-Hours Percent Person-Hours Percent 
Teff 
Barley 
Millet 
Seedbed preparations 
and planting June/Aug 378.52 39 301.25 34 
Weeding Oc t/Nov 107.16 11 44.30 5 
Harvesting Dec/Jan 330.39 34 319.37 36 
Threshing Jan/Feb 137.28 14 186.07 21 
Transporting Jan/Feb 19.41 2 35.44 4 
Seedbed preparations 
and planting^ 168.24 51 93.53 45 
Weeding — 20.19 6 14.55 7 
Harvesting 96.07 29 64.43 31 
Threshing 36.29 11 31.18 15 
Transporting 13.20 4 4.16 2 
Seedbed preparations 
and planting May/July — — 151,13 25 
Weeding Sept/Oct — 114.55 19 
Harvesting Dec/Jan — 181,17 30 
Threshing Jan/Feb — 133.04 22 
Transporting Jan/Feb — 24.12 4 
^Source: Survey data, 1978-79. 
^Due to the overlapping of the crop years, the specific months for field preparations can 
start earlier than these months. 
^Barley is often grown once in Dangella villages. The farmers plant in Aug/Oct months and 
harvest in Jan/Feb, But those in Abella villages practice double cropping; one in small rain 
months and the other in late main rain months. 
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Table 1-14. Crop specific seasonal labor requirements per farm-
Dangella* 
-Dangella Villages- Abella Villages-
Crop Season Months Percent Hours/Day Percent Hours/Day 
Teff Small-rain March/May 4 5.33 7 6.05 
Main-rain June/Sept 33 7.15 27 7.33 
Dry-months Oct/Feb 60 8.23 66 7.55 
Millet Small-rain March/May • — —— 20 7.22 
Main-rain June/Sept 25 7.57 
Dry-months Oct/Feb 55 7.48 
^Source: Survey data, 1978-79. 
Following teff was barley in Dangella with a share of 15 percent of the 
croplands. Its share was 11 percent in Abella villages; next from millet 
crop with 19 percent. The mean farm size for barley was comparable in 
both villages; half a hectare per farm. For millet, which grew only in 
Abella, the average was 0.82 hectares. These three crops jontly 
accounted for four-fifths of the total croplands. None of the other 
crops except niger seeds in Abella villages had a share of more than 10 
percent. 
As an attempt to define the factors that influence their land 
allocations, the farmers were asked to list the reasons in order of 
importance. According to their rankings, the structure of the resource 
endowments and family domestic consumption needs were the crucial 
factors. To most of them, availability of land and workstock animals 
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were the key input constraints. Only a few indicated cost of inputs and 
product prices as driving forces. 
The farmers tend to diversify crops as more land is available for 
cultivation. Except for barley which showed a parallel growth with land 
size, the other crops had more or less a fixed share. An addition of 
land was accompanied with diversification of crops. For this, first 
compare the average farm sizes and number of crops in Dangella and Abella 
villages. The farmers in Abella villages grew more crops than the 
Dangella farmers. The higher land holdings per household in Abella were 
associated with increased diversification of crops (Table 1-20). 
Productivity of resources The average productivity of 
resources for the three main crops—teff, barely, and millet—is reported 
in Table 1-15. The average yield for teff (780 kgs) was very much in 
line with the average yields at regional and national levels (Table 1-8). 
For barley, the farmers in the study villages performed better (690 kgs) 
than what is reported for the region as a whole (430 kgs). But, in case 
of millet, the sampled households did have lower (830 kgs) yields than 
the regional and national levels. 
Comparing these yield data with the experimental results indicates a 
very low performance among the farm population. With the same arguments 
presented for farmers in Shashemene villages, the farmers have a great 
potential to increase their land productivity. A more promising area is 
in barley production, which also ranks top in terras of labor produc­
tivity. With an improved package of inputs and techniques of production, 
the farmers can easily increase the returns on their resources. 
Table 1-15. Resource utilization and productivity for selected crops-Dangella villages^ 
Dangella Villages Abel la Villages 
Mean Average Average Mean Average Average 
Ratio of Farm Wx)r Productivity Productivity Ratio of Farm Labor Productivity Productivity 
Area Size Intensity of Land of Labor Area Size Intensity of Land of Labor 
(montlis) (ha) (hrs/ha) ('000 kgs/hr) (kgs/hr) (months) (ha) (hrs/ha) ('00 kg/ha) (kgs/hr) 
Teff 0.65 1.40 693.26 7.2 1.04 0.43 1.46 607.10 7.6 1.25 
Barley 0.15 0.49 673.24 7.0 1.04 0.11 0.52 400.09 6.8 1.70 
Mi 1let —— 0.19 0.82 735.26 8.3 0.89 
^ Source: Survey data, 1978-79. 
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Farming techniques and the level of technology 
Farm calendar The crop calendar for the most part is set by 
the seasonal distribution of rainfall. The beginning of the rainy season 
(March/May) is when most of the farm operations commence. Farm 
activities rise during the heavy rainy months (June-August) and reach a 
peak during the dry months (December-January). 
The short maturing variety of niger seeds takes 3 to 4 months. The 
growth cycle for barley is completed between 5 to 6 months. Teff takes 6 
to 7 months to get ready for harvest. Millet and corn are the two crops 
with the longest growth period, 7 to 8 months. 
The starting date for field preparations depends on the stage of a 
particular field in its rotation cycle. In the case of teff crop, the 
field preparations start as early as September if the field has been 
fallowed for a number of years. During the late rainy months (September-
November) , they plow the fields three to four times and leave them idle 
until the next rainy season. They replow the fields in the next rainy 
season beginning in April or May. The fields will then be ready for 
sowing in July or August. In the case where the fields have been planted 
in the preceding year, the seedbed preparations start at the beginning of 
the small rain season (April/May). The timing and the pattern is the 
same for preparations of millet crop. It is usually ready for planting 
in June or July. 
Unlike the field preparation operations, the timing for the rest of 
the operations is traceable over a single crop period. For most of the 
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crops, the fields have to be ready and planted during the June/August 
rainy months. Likewise, the crops have to be harvested, threshed and 
moved to storages on time during the dry sunny months. These operations 
have to be carried out before the beginning of the next rain season. 
Here, December and January are the busiest harvest months. The crop year 
for most of the crop comes to an end during the dry months. Usually, the 
fields are plowed immediately after harvest. Such practice destroys all 
growing weeds and cracks in the soils. This not only reduces the loss of 
moisture through evaporation but allows for crop residues to fix 
nutrients in the soils 
Methods of production The farmers usually grow crops in 
pure stands, but the field to which a particular crop is grown is 
determined by its phase in the sequence of crop rotation. The sequence 
depends on the type of soils, and on the type of crop grown in the 
preceding year and the subsequent year. Suppose we take the case of teff 
field. It is sometimes followed by niger seeds in the second year, then 
by millet in the third year, and then left fallowed for three to five 
years. If the field has been fallowed in recent years, the teff field is 
followed in the second year by millet. Fallowing makes oilseed crops 
redundant in the rotation cycle. Farmers who have adopted fertilizers 
have followed the second route; alternate teff and barley for several 
years. 
With the adoption of improved seeds and fertilizers, the need for 
such practices of land and crop rotations can be reduced. This may allow 
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the farmer to reschedule the use of labor time. The farmers can switch 
from frequent plowing and manuring operations to more intensive work in 
the growing stages of the plants. Also, fallowing by definition means 
drawing out land from current production. With the new technology, it is 
possible to bring more land into production. This is evident with the 
farmers who applied fertilizers in 1978-1979 crop year. They put more 
land into the main crops by cutting the length of the fallow period and 
rescheduling the sequence of crops in the rotation cycle. 
The more traditional technology is the use of ox-plow. Most of the 
farmers reported the use of oxen to draw the plow to break and criss­
cross the soils. Some in Dangella villages used horses instead. Apart 
from plowing operations, the farmers use cattle to remove weeds and to 
place the seeds in wet muddy soils. Also, later, after the crops are 
harvested and dried up, they drive teams of cattle on the threshing field 
to separate the grains from the stalks. 
The other common farm implements used to accomplish the various farm 
operations are plows, sickles and pitchforks. The plows are used with 
oxen to prepare the seedbeds. Sickles are mainly used to cut the crops 
later in the harvest season. Sometimes, they are used to weed out the 
crop fields once the crop has grown over a foot above the ground. At the 
end of the harvest, the crops are threshed using wooden pitchforks to 
separate and winnow the grains. Stacking, packing and hauling are 
usually done by human labor. 
45 
Consumption Profile of Farm Households 
Estimation of consumption data 
Frequently the head of the household provided the itemized list of 
the weekly family budget. The interviewer would provide a checklist of 
commodities to assist the respondent to identify the items. Once 
identified, the items were separated on the forms of their acquisition, 
i.e., cash or in kind payments. Then, the respondent would give the 
quantity and value of each item. In the case of those items that are 
produced and consumed within the household, the respondent was asked to 
value on the basis of the prevailing purchase market prices. Once the 
list was checked and verified for possible errors in reporting, the final 
budget would be drawn. 
The interviewing schedule was designed to trace the uses of income 
by their mode of payments. The format is depicted in Table 1-16. The 
total consumption outlays are grouped into four major consumption groups; 
household expenses (A), investment (B), current operational costs (C) and 
fixed expenses (D). Consumption group A measures the current living 
expenses of the households. The items within this group are partitioned 
into goods and services. Depending on the consumption characteristics of 
these items, they are further regrouped into cells. There are a total of 
ten cells under group A; namely crops, livestock products, beverage and 
drinks, stimulants, purchased foods, household nondurable goods, 
services, transfer payments, credit transactions and other expenses. The 
investment outlays constitute group B. These expenses measure the total 
capital formation at the household level. The part on farm investment 
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(B-2) measures the share of the farm sector in the total outlays. These 
investment items are assumed to share two common features. One, they can 
be used for more than one production cycles. Two, they enhance the 
productive capacity of the households. Those items that are only 
consumed in a single production process are grouped under operational 
expenses (C). Payments for seeds, fertilizers, for use of working 
animals and farm tools, and charges for labor services constitute the 
elements in this group. Those charges on the services of existing 
capital-physical as well as financial, and other committed expenses for 
purpose of production are included under overhead costs (D). 
As the schematic table indicates, most of the items that are 
produced and retained within the household are not imputed. None of the 
retained livestock products and home produced drinks is computed despite 
their frequent uses. Firewood provides multiple uses - cooking, heating 
and lights, but their value is not estimated. No estimates are also 
available for home produced clothes and farm tools, for value of retained 
output for seeds, for livestock feeds, for animal farm labor and for in 
kind labor payments. The only exception is the subsistence consumption 
of crop produces. Based on the quantity and price information available 
from the farmers, own consumption of farm products was directly 
estimated. For the most part, the rest of the consumption data measures 
the cash outlays of the farm households. 
Apart frr?. home produced products, the net inventory changes of farm 
output and stock of live animals are considered to be zero. That is, the 
year to year changes in the value of the stock of farm outputs and assets 
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are too low and hence can be ignored. The assumption, even though it is 
strong and restrictive, allows us not to get into the technicalities of 
the valuation of the changes of assets overtime. The exclusion of the 
home produced and the assumption of zero inventory changes may possibly 
underestimate the total expenditure of the households. But we assume 
that their absence will not have a systematic bias in the analysis of 
consumption data. 
Notwithstanding the deficiency of the data, the average household 
outlays can be used to measure their level of income. This is basically 
an expenditure approach where the aggregation of the uses of income adds 
up to total income. But there are two cautionary notes. One, the 
farmers in the study villages make their livings primarily out of farm 
activities. Their farm income is occasionally supplemented with liquida­
tion of assets and sale of firewood. None of the household members 
participates in off-farm work. So, farm income, which measure the 
productivity of all farm resources, and household income, which is a more 
comprehensive measure of the productivity of household's resources, are 
assumed to be approximately equal. Gross expenditures thus measure farm 
as well as household income. Second, the individual household savings 
are so minuscule that the difference between farm income and gross 
expenditure is nearly zero. To the extent that these assumptions are 
invalid, the household's measured income must be interpreted with 
caution. 
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Table 1.16. A schematic structure of consumption data 
Mode of Payments 
Commodity Group Cash In kind 
A. Household expenses 
1. Crops 
a. Cereals / / 
b. Legumes / / 
c. Vegetables / / 
d. Starchy roots / / 
2. Livestock products 
a. Livestock produce / x 
(eggs, milk, etc.) 
b. Processed products / x 
(butter, cheese, etc.) 
c. By-products / x 
(skins, hides, etc.) 
3. Beverages and drinks 
a. Homemade (tella, tegi, etc.) / x 
b. Manufactured / -
(pops, spirits, etc.) 
4. Stimulants (coffee, chat, etc.) / x 
5. Purchased Foods 
a. Home prepared / 
(engera, meals, etc.) 
b. Manufactured / -
(salt, sugar, oil, etc.) 
6. Household goods 
a. Nondurables (earthwares, etc.) / x 
b. Fuel and lights / x 
7. Services 
a. Transportation 
i. Animal / x 
ii. Locomotives / x 
b. Medicine / x 
c. Flour milling / x 
8. Transfers and gifts / x 
(civic contributions, dowry, etc.) 
9. Other expenses 
a. Ceremonial / x 
b. Cosmetic / x 
10. Credit transactions (principal and / x 
interest on consumption loans) 
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Table 1.16. continued 
Mode of Payments 
Commodity Group Cash In kind 
B. Investment outlays 
1. Household investment 
a. Clothes, clothing and footwear / x 
b. Furniture and fixtures / x 
c. Utensils / x 
2. Production investment 
a. Farm investment 
i. Farm tools / x 
ii. Live animals / x 
iii. Buildings and storages x x 
b. Nonfarm investment (tools and / x 
equipment for construction work, 
home weaving and cloth making, 
etc .) 
C. Operational expenses 
1. Farm expenses 
a. Raw materials (seeds, feeds, / x 
etc .) 
b. Rentals (tools, working animals, / x 
labor) 
c. Interest on operating cost / x 
2. Nonfarm expenses x x 
D. Overhead costs 
1. Depreciation on existing capital x x 
(live animals, tools, etc.) 
2. Interest on long term loans x x 
3. Taxes / 
Key: x = not observed 
- = not relevant 
/ = observed 
50 
Uses of household income 
A comparison of the mean income shows no significant variations 
across all villages except one. Those households in the lower plains of 
Shashemene earn ($170.83) much lower than their counterparts ($241.55). 
Such variations reflect the differences in the resource endowments and 
hence the production structure of the farm population. The farm popula­
tion on the highlands enjoy a favorable physical environment to adopt a 
flexible plan in their choice of crops. For example, the farmers on the 
upland villages in Shashemene can grow the most popular crops, teff, 
wheat and barley. Particularly, teff is relatively a high value crop in 
the market places around these villages. But this crop cannot grow in 
the lower grounds at the existing level of knowledge and technology. 
Thus, the farmers are limited in their choices to the extent that 
resources and ecological factors dictate their decisions. This is what 
is reflected in the mean incomes of the farm population. 
Not less than 70 percent of the household's income is spent on food 
consumptions. The cereal crops as a group account for two-thirds. The 
mean outlays on cereals are higher in Dangella villages than the farmers 
in all other villages. There are two possible explanations. One, the 
age-sex adjusted average family size is higher in Dangella villages. 
Assuming a positive association between family size and cereal consump­
tion and no economies of scale, the cereal in-take per household is 
higher in these villages. Second, teff is relatively a high value crop 
(see Chapter 3). Because of the dominance of teff in their crop mixes, 
it increases the per unit value of their cereal consumption. Thus, we 
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postulate that both the family size and price effects reinforce to 
explain the higher value of cereals intake in Dangella villages. 
The category of purchased foods constitutes the items listed in A5 
in Table 1-16. Their overall share of the farm income is between 10 to 
15 percent. But, despite their lower share in the household's budgets, 
these products share a common characteristic with food crops. Almost all 
the farm households purchase coffee and salt in some amounts. Salt, as 
an important food ingredient, and coffee, as a widely accepted stimulant, 
dominate this group. On average, the farmers spend $11.07 per crop year; 
a figure comparable with their farm expenses. 
There are also sizable differences in mean cash outlays on clothes 
and clothing in the study regions; $30.68 and $16.18 per household in 
Shashemene and Dangella villages, respectively. Next from the leading 
cereal crops, this is the leading single item in terms of its share of 
the total outlays. No conclusive statements can be made for its 
importance and regional variations. One possible explanation may be that 
the farmers in Shashemene villages, being the immediate beneficiaries of 
the land reform program, might have interpreted the increased household 
income in a form of purchases of such items as clothing. This cannot be 
established in this study. The lower average outlays in Dangella, on the 
other hand, may be related with underreporting of the value of home 
produced clothes. Typically, the housewives in these villages spend a 
significant amount of their labor on cloth making. But the data does not 
pick up their contribution. Both these factors may possibly exaggerate 
the gaps in their mean expenses. 
Table 1-17. Average mean expenditures by commodity group-Shashemene^ 
Lower Plain Villages- Upland Villages 
Zero Mean Expend. Average Zero Mean Expend. Average 
Res Household Purch. HH Share Res Household Purch. HH Share 
A. Household expenses 278.20 — 0.79 420.25 — 0.72 
1. Food expenses 263.26 — 0.74 368.79 — 0.63 
a. Cereals 0 222.87 222.87 0.63 0 267.49 267.49 0.46 
b. Farm products 0 14.24 14.24 — 0 25.56 25.56 — 
c. Purchased foods 0 26.15 26.15 — 0 75.74 75.74 — 
2. Nonfood expenses 18 3.48 4.36 —• 2 10.99 12.56 — 
3. Services expenses 6 10.27 13.08 — 0 38.61 38.61 — 
4, Transfers and gifts 10 1.19 1.86 — 1 1.86 1.86 — 
B. Ttousehold investment 45.82 — 0.13 93.80 — 0.16 
1. Clothes and clothing 2 44.23 47.63 — 0 82.81 82.81 — 
2. Household goods 17 1.59 4.% — 2 10.99 12.56 — 
C. Farm investment 12.32 — 0.03 31.25 — 0.05 
1. Farm tools 14 4.09 8.18 — 4 8.05 10.75 — 
2. Live animals 19 8.23 25.61 — 7 23.20 41.24 — 
D. Operational expenses — 9.20 — 0.03 30.88 — 0.05 
1. Cultivation expenses — 7.78 ' 0.02 21.17 — 0.04 
a. Grope 23 5.56 31.15 — 5 18.58 27.02 — 
b. Livestock 26 2.22 31.03 — 12 2.59 10.38 — 
2. Nonfarm expenses 27 1.42 12.50 — 13 9.71 10.28 — 
E. Fixed farm expenses 16 7.96 18.58 0.02 12 6.44 25.75 0.01 
Total — 353.62 — — — 582.62 — 
® Source: Survey Data, 1977-78. 
^ Noncereal crops, livestock by-products and livestock processed products. 
Table 1-18. Mean expenditures by commodity groups-Dangella^ 
Dangella Villages Abella Villages 
Zero Mean Expend. Average Zero Mean Expend. Average 
Res Household Purch. HH Share Res Hausehold Purch. HH Share 
A. Household expenses — 479.77 — 0.85 — 422.14 — 0.78 
1. Food expenses 448.93 — 0.80 — 393.24 — 0.73 
a. Cereals 0 365.11 365.11 0.65 0 282.70 282.70 0.53 
b. Farm products 0 49.59 49.59 — 0 60.91 60.92 — 
c. Purchased foods 0 36.58 36.58 — 0 49.63 49.63 — 
2. Nonfood expenses 2 2.35 2.56 — 1 6.65 7.00 — 
3. Services expenses 2 9.81 11.32 — 1 15.26 16.07 — 
4. "Rransfers and gifts 1 16.33 17.50 — 5 6.99 9.31 — 
B. Household investment — 27.85 — 0.05 — 52.38 — 0.10 
1. Clothes and clothing 2 24.17 27.89 — 3 42.75 50.29 — 
2. Housdwld goods 2 3.68 4.25 — 7 9.63 14.80 — 
C. Farm investment — 26.62 — 0.05 18.83 — 0.03 
1. Farm tools 9 1.29 3.22 — 12 2.19 2.97 — 
2. Live animals 1 25.33 27.14 — 11 16.64 36.97 — 
D. Operational expenses — 20.55 — 0.04 27.97 — 0.05 
1, Cultivation expenses — 10.88 — 0.02 21.55 — 0.04 
a. Crops 5 8.90 13.35 — 7 19.15 27.99 — 
b. Livestock 11 1.98 7.43 — 10 2.40 6.63 — 
2. Nonfarm expenses 11 9.67 10.36 — 5 6.42 5.89 — 
E. Fixed farm expenses 7 9.38 20.09 0.02 4 17.0 21.25 0.03 
Total 564.17 — — — 583.32 — — 
^ Source: Survey Data, 1978-79. 
^ Noncereal crops, livestock by-products and livestock processed products. 
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The farm as a production component of the household complex absorbs 
a small share of the total outlays. The only identifiable investment is 
the purchase of live animals. The farmers typically purchase young 
cattle and small ruminants as they seek to replace or expand their stock 
of animals. Likewise, the farmers cash outlays on cultivation expenses 
are quite low; less than 5 percent on average. The low level of invest­
ment and the associated operational expenses reflect the low level of 
materials inputs and technology in the study villages. 
The composition of the consumption data suggests that the average 
households in all the villages behave in the same manner in terms of the 
rankings of their consumption bundles. First, the household goal is to 
meet its subsistence consumption. Production and therefore consumption 
are geared towards securing food products. Second, a cash income is 
sought to make available complementary food products (salt, coffee, etc.) 
that are necessary for physical needs. Finally, where additional cash 
earnings are available, they are shared between basic amenities 
(clothing, medical expenses, etc.) and farm expenses. It appears that 
the underinvestment in the farm sector is associated with the low level 
of income. Farmers have ordered goals and whatever goes to farm 
activities in a form of investment must come once the other more 
immediate goals are satisfied. 
Some Guiding Thoughts 
The farm households in all the study villages show no distinct 
variations in sex and age distributions. There are nearly an equal 
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Table 1.19. Sample product moment correlation coefficients for selected 
variables-Shashemene. 
Farm­
land 
Working 
Members 
Number 
of Crops 
Area 
Under 
Corn 
Labor 
in Corn 
Animal 
Power 
in Corn 
Farmland 1 
(0 
.0000 
.0000) 
0.2990 
(0.0636) 
0.6152 
(0.0001) 
0.6975 
(0.0001) 
0.1673 
(0.3087) 
0.0049 
(0.9762) 
Working Members l.OOOO 
(0.0000) 
0.1953 
(.2334) 
0.1933 
(.2384) 
0.2186 
(0.1812) 
0.1840 
(0.2622) 
Number of Crops 1.0000 
(0.0000) 
0.4023 
(0.111) 
0.2210 
(.1763) 
0.0305 
(0.8538) 
Area Under Corn 1.0000 
(0.0000) 
0.3965 
(0.013) 
0.0604 
(.7150) 
Labor in Corn 1.0000 
(0.0000) 
0.4513 
(0.0039) 
Animal Power 
in Labor 1.0000 
(0.0000) 
proportions of females to males. The population is predominantly young 
with a significant proportion below the age of 10. Slightly over half of 
this population participates in farm activities and generates farm income 
for the livelihood of the rural inhabitants. 
The occupation structure of the working farm population constitutes 
a mix of crops and livestock production along with related household 
activities. Crop production is the main occupation in all these 
villages. It absorbs relatively a higher share of the resources (mainly 
land and family labor) and contributes greatly to the farm income of 
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individual households. Livestock absorbs largely child labor and 
generates a supplementary income. 
The choice of crops is, by and large, determined by the needs of 
human consumption and ecological considerations. The strong association 
between farm size and crop index (p=0.87) suggest that farmers maintain a 
high proportion of the basic crops in their crop portfolios. The minimum 
crop specific land size varies by household depending on its productivity 
and subsistence needs. As more land is available beyond this apparent 
subsistence threshold, the farmers tend to diversify their crops (Tables 
1-19 and 1-20). The diversification decision is more related to 
availability of land (p>^0.55) than to the family working members ( p< .20) . 
The degree of diversification varies significantly across the villages 
(F=5.60). So is the farm sizes (F=22.90). Hence, land size which is 
largely independent of working family force ( 1X39) influences directly 
the crop mixes that an individual household decides to produce. 
This does not, however, suggest labor is not a limiting factor. It 
is, when viewed in the context of the seasonality of farm demand. The 
family has to mobilize its work force and, at times, from outside the 
family to meet its periodic needs. As long as the crop structure remains 
unaltered and/or the dependency on seasonal rainfall is not reduced 
through a selective technology, the seasonal demand is a potential 
bottleneck for growth of farm production. 
But, in aggregate, labor supply is less limiting than land and 
animal power. The farm labor demand is readily matched with supply as 
more land and animal power are available. The correlations for teff crop 
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in Dangella and corn crop in Shashemene support this point. The demand 
for annual labor shifts directly with the supply of land (p>^ 0.40) and 
workstock animals (p>0.45). Thus, there is a complementarity between 
annual labor hours and these other inputs. 
The output from the use of these resources forms the basis to meet 
the ordered consumption goals of the individual households. A great 
proportion of the farm production goes into their subsistence consump­
tion. This is particularly the case with cereal crops. The balance is 
disposed in three ways; retained for future production, use it as 
payments for credit transactions and sell in market places. The cash 
income is often disbursed into the purchase of manufactured basic 
foodstuffs, clothes and other household essentials. 
The modeling of farm households has to recognize these salient 
features. One, the household unifies the tasks of production, resource 
supply and consumption. The direction of the jointness depends on the 
existence of markets. Second, the primary goals of the household is to 
generate farm products for its consumption needs. Three, there are two 
key inputs in the farm production process, labor and land. Capital, 
except in a form of workstock animals, is less prominent. Finally, the 
use of land and labor is to a large extent governed by nonmarket forces. 
The absence or the constraints on the workings of these markets imply a 
development of a model that predict behavior in an environment of market 
disequilibrium. 
Table 1.20. Sample product moment correlation coefficients for selected variables-Dangella 
Working Area Labor Animal 
Family Number Cropping^ Under Used For Power 
Farmland Members of Crops Index Teff Teff in Corn 
Farmland 1.0000 
(0.0000)° 
0.2843 
(0.1781) 
0.5476 
(0.0056) 
0.8668 
(0.0001) 
0.6806 
(0.0002) 
0.1451 
(0.4988) 
0.4555 
(0.0253) 
Working Family 
Members 1.0000 
(0.0000) 
0.0143 
(0.9471) 
0.3815 
(0.0658) 
0.4142 
(0.0442) 
0.3069 
(0.1446) 
0.2620 
(0.2162) 
Number of Crops 1.0000 
(0.0000) 
0.2995 
(0.1551) 
0.1692 
(0.4295) 
0.0143 
(0.9473) 
0.2786 
(0.1874) 
Cropping Index 1.0000 
(0.0000) 
0.9473 
(0.0001) 
0.4153 
(0.0436) 
0.5405 
(0.0064) 
Area Under Teff 1.0000 
(0.0000) 
0.5506 
(0.0053) 
0.5464 
(0.0058) 
Labor Used for 
Teff I.0000 
(0.0000) 
0.4966 
(0.0136) 
Animal Power 
for Labor 1.0000 
(0.0000) 
*Each crop is weighed by their respective share of total cropped land at regional levels. 
The following weights are applied after adjusting the 1978-79 report on crop production survey; 
TefF=0.55, Millet=0.16, Barley=0.13, Maize=0.06, Niger seeds=0.07 and 0thers=0.03. 
^The figures in parentheses refer to probabilities associated with t-statistics. 
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CHAPTER 2. REVIEW OF THEORETICAL AND EMPIRICAL STUDIES 
Farm Household Production Models 
The farm household plays a multiple role as an economic unit. As a 
producing firm, it decides on the choice of output mix, technology and 
resource uses. It provides, as a supplier of resources, the required 
level of labor for the production activities. Based on the outcome of 
these production and labor supply decisions, the household, as a consump­
tion unit, defines its choices of consumption bundles and consequently 
determines the supply of marketable output. It thus behaves as an 
economic agent that unifies and coordinates the economic functions of 
production, resource supply and consumption. 
The pattern and the degree of integration of these functions are 
governed by the existence of and participation in market economy. Where 
there is an active labor market, the whole process can be visualized as a 
recursive block process. First, the farm decides on its level and 
composition of production activities and input uses. With the avail­
ability of opportunity to hire-in labor, the firm's decision in regard to 
use of labor is made independent of the preference of the family for the 
consumption of leisure time. Also, the family's decision in regard to 
the supply of labor is made strictly in reference to the market 
determined wage rate. Once the level of income is determined from these 
production and labor supply decisions, the family decides on the consump­
tion bundles that maximize its welfare function. Such sequential and 
recursive process allows to concentrate on income as the only link in the 
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joint-production-consumption decisions. It also permits the use of 
relatively manageable estimation procedure. 
In the absence of an active labor market, the decision process may 
not necessarily be recursive. The production decision is no more 
independent of the consumption preference of the farm family. The demand 
for farm labor has to be matched with the supply of family labor. But 
the total working time, and hence the labor available for farm produc­
tion, are influenced by the family's decision for consumption of leisure. 
The availability of farm labor time becomes conditional on the demand for 
consumption of leisure. The other form of interaction comes through the 
income effect. The income level that is generated as a joint outcome in 
turn influences the consumption patterns of the farm family. Hence, the 
process becomes somewhat circular and nonseparable. 
The realization of this idea of joint-decisions goes back to the 
early work of Chayanov (8) and later to Nakajima (32) and Krishna (23). 
According to Nakajima and Krishna, the degree of interaction can be 
measured in terms of the index of subsistence consumption and the propor­
tion of family labor used on the farm. They suggest that these two 
criteria can be used to identify all farms in the world. The closer 
these indexes are to unity, the more subsistence are these farms. In the 
extreme case where the indexes are one, the farms use their own resources 
to produce what they totally consume. At the other end, we find a pure 
commercial farm where these indices are zero. All other farms can be 
identified by a coordinate of these indices in a two-dimensional positive 
quadrant. 
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On the basis of these indexes, Nakajima develops theoretical models 
for three forms of farms; one, a farm with no on-farm consumption and no 
labor market (Model 1), two, a farm with no on-farm consumption but with 
labor market (Model 2), and three, a farm with on-farm consumption but no 
labor market (Model 3). Krishna adds a synthetic model where the farm 
has both on-farm consumption and a labor market. 
These four models exhaust the possible theoretical models. The 
subsequent theoretical works (3, 4, 24, 26, 41, and 45) dwell heavily on 
the synthetic model which combines both features of semi-subsistence 
consumption and an active labor participation. There are several 
possible reasons for its wide application. First, most of the farms in 
the developing economy have a combination of these features. Hence, it 
is relatively a more realistic model. Second, it can be used to 
establish strongly that economic decisions are unified but sequential and 
separable. Third, the separability phenomenon allows estimation of 
production and consumption decisions independently within a utility 
maximization framework. Finally, the model can easily be extended to the 
new household economics which incorporates farm and nonfarm productive 
activities within the household. 
Two basic models will be discussed in this chapter. The first will 
be a review of the synthetic model. By allowing the presence of a labor 
market, we will establish the basis to show why the model is considered 
to be joint, separable and adaptable. Then, a second model with no labor 
market will be introduced as a representation of the Ethiopian peasant 
agriculture. With a more detailed treatement, we will attempt to 
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identify the crucial factors that influence economic decisions and to 
examine behavioral responses by generating changes in these decision 
variables. These results will be compared with the predictions of the 
synthetic model in order to show the significance of the three issues-
jointnessj separability and adaptability. 
Model 1: Farm household with labor participation 
Assume that the farm household participates in product and resource 
markets. Both markets are competitive. Each participating individual 
faces a given price vector. 
Suppose the household consumes three commodities; part of its farm 
output (Cp), leisure time and manufactured good (c^^. We postulate 
that there exists a utility function that represents the preference 
structure of the whole family. The household uses this utility function 
in its ordinal ranking of these commodities. It is assumed that the 
utility function is constant overtime, continuous, twice differentiable 
and a well-behaved quasi concave function. This is represented by a 
general function form 
U = u[Cp, C^, C^); Ug > 0 i = F, C, M (2-1) 
i 
where 
Cp : retained farm output for consumption, 
C^ : leisure, 
C^ : manufactured good. 
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The household derives positive satisfaction out of the consumption of 
these goods and hence attempts to maximize the utility within the bounds 
set by three constraints. 
Time constraint 
T = CL + + T^ (2-2) 
where 
Tp: time available for farm production, 
T^: market time, 
T: total available time. 
At any point in time, T^ can be negative [T^ < O) in the case of net 
hiring in or positive [T^ o) in the case of net hiring out. The farmer 
can expand the total time available by hiring-in off-farm labor. Hence, 
the total available labor time is variable in the presence of a labor 
market. 
Level of farm technology 
Q„ = F(T X ; A, ir); F > 0 F >0 (2-3) F F X TP ^I 
where 
: nonlabor variable inputs, 
A: area of cropped land, 
Qp: level of crop production, 
Y: environmental variables. 
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For simplicity, we assume that the farmer produces only a single crop, 
Qp. Land is assumed fixed for a single crop year. The producer depends 
primarily on its own family labor [T^,] . But where there is additional 
labor outside the family, it is assumed that it is a perfect substitute. 
The technology represented by index F is assumed to be continuous, twice 
differentiable and a well-behaved concave function. 
Net household cash income 
where 
I* = n* + WT„ + V = P„C„ (2-4) 
W MM. 
n* = P_Q„ - IR.X. (2-5) 
F S 11 
R 
I : net household income, 
* 
n : net farm cash income, 
Pp: ex-farm price of output Q, 
R. : purchasing price of input X., 
W: market wage rate, 
V: nonfarra and nonwage income. 
The household derives its cash income from two sources; the sale of farm 
product and of wage labor. The net sales income, wage income and the 
nonfarm-nonwage income constitute the total net cash income. The 
household spends the net income on the purchase of purchased goods. 
We can combine these constraints (equations 2-2 to 2-5) to get the 
full income equation. 
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Y = PpQp + WT + V = PpCp + P^M + W(C^ + T^j + ZR^X. (2-6) 
The full income received is the sum of the total value of farm produc­
tion, of total time available and asset income. This is spent on the 
purchase of final goods for consumption and variable inputs for farm 
production. 
In allocating the full income, the household attempts to maximize 
its utility function. Or, alternatively, it can be viewed that the 
household maximizes its utility function subject to the combined income, 
technology and time constraints (equation 2-12) . This can be presented 
in a Lagrangian equation as: 
4): u(Cp, C^ , C^ ] + X[p f(t-T^ -C^ , X.; A, y) - + WT„ 
(2-7) 
(2-8)  
(2-9) 
= X[p^F^ - W] = 0 
W F 
(2-10) 
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(2 -11)  
1 I 
•x - i'pf(l-V'=L' ==!• ''I - fpCp • WT„ » V 
(2-12)  
Equations 2-7 to 2-11 are the first order conditions for interior 
solutions. The first three equations are the standard results of the 
neoclassical consumer theory. The individual equates the marginal 
utility per dollar across the three final goods, C^, and Cy These 
three equations together with the combined constraint determine the 
demand for these commodities. Equations 2-10 and 2-11 are the profit 
maximization condition for input use. The value of marginal product of 
each input is set equal to the market factor price. These equations 
determine the quantity of hired labor and variable inputs required for 
farm production, i.e., T^ and . The rest of the unknowns, the demand 
for farm labor (t^.), the farm output [q^.) and marketable surplus (Qg) can 
be determined within the system. Equations 2-7 to 2-12 determine C^*, 
C^ *, C^ *, T^ *, and X^ *. Using equation 2-2, we can determine T^ *. 
Then, all the arguments in equation 2-3 are known and hence farm output 
Qp* can be estimated. The marketable surplus Q is simply the difference 
Q^* - Cp*. Hence, the model identifies all the unknowns. 
Assuming that the second order conditions for an optimum are met, 
the simultaneous solutions of equations 2-7 to 2-12 generate the demand 
functions for food LCp), for leisure , for manufactured goods , 
67 
for farm labor (t^) and for other variable inputs (x^). Also, the level 
of farm output (Qp), the supply of wage labor and marketable surplus 
(Q) are determined. Each function can be written in a form 
4;. = W, R., V; T, A. T) (2-13) 
where 
The factors that influence these production, consumption and input-use 
decisions are (i) market prices for food, for manufactured goods, for 
labor and for nonlabor variable inputs, (ii) the available size of family 
labor, (iii) the existing stock of arable land, (iv) farm technology and 
(v) environmental factors-topography, climate, etc. Note that none of 
the standard demand functions embodies directly input prices, technology 
and fixed resources as their arguments. 
This model is joint but separable. This can be demonstrated through 
the examination of the structure of the second order conditions and of 
the comparative static results. The left most matrix in equation A-13 
can be designated in a form of partitioned matrix as 
H 
11 
0 
H = 
0 H. 
22 
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where the off diagonal submatrices are null. is the bordered Hessian 
matrix for a constrained utility maximization. Negative semi-
definiteness is required for a maximum to exist at the optimal solutions 
of the commodity demands. The lower right submatrix, ^22' constitutes 
the elements of the second order conditions for profit maximization. 
This is a Hessian matrix which is negative definite at the optimal level 
of factor inputs, i.e., T^*, X^*. A more stronger assumption of 
concavity is assumed to ensure that all the inputs have positive quantity 
at the profit maximizing solution. 
The structure of H is such that the off diagonal block elements are 
zero. An equivalent interpretation is that the individual household can 
make its consumption decision independent of production or vice versa. 
But this does not, however, mean that the effect of any change in the 
parameters is not spread across the blocks. Otherwise the assumption of 
jointness cannot hold. This can be demonstrated by showing some 
comparative static results for selected cases. 
Effects of changes in food price, 
On time allocation From equation 2-10, it can be shown that an 
increase in farm price leads to a larger allocation of time to farm work 
(Tp). 
(Tp, X.; A, y) = W/p 
F dT = - W/p^ dp 
^FF ^ 
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w 
—- = - — > 0 (2-14) 
3p P F 
FF 
(-) 
As the price of farm production rises, the value of marginal product of 
farm labor increases. Given that the wage rate is unchanged, the 
marginal productivity of labor has to fall to maintain the equality 
condition in equation 2-10. With no change in other variable inputs, 
there must be an increase in farm labor. So increase in farm price is 
associated with increase in demand for farm labor, . 
What happens to the demand for leisure depends on cross-price 
effect, net-food trading position of the household, - C^, and the 
income effect. From A-16 it can be shown that 
3C- 3C, ^ ^ 3C. 
F PiU (?) (?) 
For more than two commodities, we can not a priori assign a sign to 
the cross price effect. In the case where the net trading position is 
zero, the cross price effect determines the demand for leisure. Where 
the net trading position is different than zero, both the cross price and 
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3T^ ac 
' ^ + 
L 
^pp 
( + ) (?) 
income effects determine the direction of the response. The effect of 
change in farm price on demand for leisure is in general unknown. 
So is the case with the supply o2 wage labor. 
'T.. 
^ - - • - ' 
According to the result in equation 2-14, the demand for farm labor 
increases with farm price. But the individual farm is not required to 
meet its demand from its own family labor. This is the basic essence of 
the separability phenomenon. The increasing demand for farm labor may 
not have an effect on the labor supply decision. If we assume, though it 
is unrealistic, that the demand for farm labor is fully met from outside 
labor; then the supply of wage labor hinges only on the change on the 
3C. 
demand for leisure, —. 
^Pp 
On the level of farm output using equation 2-14, it can be 
concluded that the level of farm output increases as farm price rises. 
With the maintained assumption that the marginal productivity of farm 
labor is positive, this is a valid conclusion for the one input case. 
3Qp 3T 
(+) (+) 
But in a multiple input situation, we have to assume either all the other 
inputs are complement or their quantity is unchanged [dX^ = o). 
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On food consumption and market surplus The effect on the 
quantity of food demanded is generally unknown. If the income effect is 
positive and the household 
= A - (Q,- C.) 3p_ D F-" D 
3C_ 3C_ 9C_ 
+ [Pr - (2-18) 3p 3p , ^^F F^ 3Y 
^ (fjC (?) (?) 
is a net seller, the outcome is unknown. If the net trading position is 
high and the income effect is positive, it is possible to get a positive 
sloped demand curve. If either the net trading position is zero or 
negative with positive income effect, the response will be negative. 
Likewise, the supply of output (marketed surplus) is indeterminant. 
Its direction depends on the response of farm production and own farm 
consumption to change in farm price. 
(+) 
If net sales are disproportionately high, it is consistent with this 
model for farmers to respond negatively in market supply as farm price 
rises. 
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Effects of change in wage 
On time allocation As the wage rate increases, the opportunity 
cost of farm labor increases. The household switches from farm labor 
time to other uses. 
F [t X; A, ï) = W/p 
Tp F 
(2-10)  
!!! 
aw 
1 
PF, 
< 0 
FF 
(-) 
(2-20) 
aw 
3F 
(+) 
3W 
< 0 (2-21)  
As labor moves out of the farm sector, the level of farm output falls. 
In the case where marginal productivity of labor is about zero, it is 
possible for farm output to be unaffected. If the marginal productivity 
of farm labor is negative, it is even possible for farm output to rise. 
By assuming concavity in the production function around the optimal 
solution, these cases are outside the consideration of a profit 
maximizing farm. For such a farm, farm output decreases. 
The demand for leisure depends on the substitution and income 
effect. The direction of the response is a unknown a priori. 
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(-) 
* (T - Tp - cj (2-22)  
( ? )  
The supply of wage labor depends on the total effect on the demand 
for leisure and farm labor. If the time used in leisure and farm produc­
tion falls, the supply of wage labor increases. The same result holds if 
the demand for leisure increases but the replacement effect on farm 
labor, i.e., fall in farm labor dominates. So, in a situation where 
there are more than two ways of time allocation, there is not necessarily 
a one to one correspondence between the supply of wage labor and demand 
for leisure time. 
On the marketed supply of food This constitutes the difference 
between the change in farm output and the demand for their own food 
consumption. From the result in equation 2-21, farm output falls as wage 
rises. But what happens to consumption response cannot be determined 
unambiguously. Similarly to market surplus. 
9C 
'F 
W 3Y (2-23) 
of output and consumption effects 
SQg 3Qp aCp 
(2-24) 
W "5w~ W 
( - )  (? )  
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Effects of change in farm size 
On demand for farm labor 
F (T , X.; A, T) = W/p (2-10) 
TP F 1 
F dT + F dA = 0 
^FF ^ ^FA 
%A 
3A F 
FF 
(-) 
If we assume both labor and farm land are complementary inputs 
[F„ > o], then a change in the area of land induces a change in labor 
FA 
productivity in the same direction. In general, however, the response 
sign is indeterminate. 
On level of farm output If the increase in farm size increases 
the productivity of farm labor and there are no simultaneous counter­
acting effects from the other inputs then the level of farm output 
rises. This is a more plausible hypothesis in our case. 
On own consumption and marketed surplus The change in farm size 
affects the full income of the household; i.e., Y = P^F (T^, X; A, Y) + 
VÎT + V. By incorporating this equation explicitly into A - 14, the 
effect on farm consumption can be seen to depend on income and output 
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3A 3Y 3F 3A 3Y 3A 
effects. If output increases as land size increases (3F/3A > 0) and 
income elasticity of demand for food is positive, the model predicts an 
increase in on-farra consumption of food. 
Again the model is not unambiguous in regard to market supply of 
food. It moves in the same direction as the level of farm output if the 
propensity to own food consumption is less than one. 
From these comparative static results, we learn that any change in 
the parameters of the model requires the household to make a simultaneous 
(joint) consumption and production decisions. The main link in these 
blocks of decisions is the incorporation of a full income equation, Y. A 
change in production parameter, say size of land, not only influences 
production of farm output but also its consumption via the income effect. 
Likewise a change in consumption parameter, say P^, induces reaction in 
production and supply decisions. The transmission from consumption to 
production holds, however, only in the cases where similar output 
[Qç, & Qg] and inputs & T^,) variables appear in both blocks. In the 
case of change in manufactured price for example, the output and 
input variables are not directly affected. But it is always the case 
that production parameters influence consumption decisions through the 
income equation. 
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Model 2: Farm household model with no labor market 
Suppose we postulate a situation which Nakajlraa describes as a model 
of semi-subsistence producer. Assume that labor market is abolished by 
law. Farm labor comes solely from their own family labor. None of 
the family members has wage labor = 0 . Each family is assumed to 
retain part of its farm output and participate in commodity markets. 
A switch to no labor market situation may not affect the optimal 
economic choices of those households who were not active in the market. 
But those who were active participants have to make readjustments as they 
move to a lower consumption set. Figure 1 presents a graphical view of 
the adjustment process. 
c 
L , 
0 c, L [uj 
<-
T 
Figure 1. A unified production, labor use and consumption decision 
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Assume for the purpose of simplification that the household consumes 
only food (c^ > 0; M=o). Or, assume that there is an index of composite 
consumption goods, C. Or both and M in C change in a fixed proportion 
for any economic stimuli. The vertical line measures the index of con­
sumption of C. Time is measured along the horizontal line. The feasible 
consumption set is depicted by a net product curve 
represents the gross product curve. The two curves are equivalent if the 
household consumes all that it produces. 
The existence of market opportunities expands the consumption set to 
B^C^dQ. To the left of , the real wage rate [w/p^) exceeds the 
marginal productivity of farm labor. Hence, the household switches to 
labor market. Suppose the household was a participant in a labor market 
and, say, it chose to be at . It allocated OC^ units to leisure time, 
Cj^Ty units to wage work and T^T units to farm work. units of the 
vector of C goods were consumed; OF^ from nonfarm, nonwage income, 
from farm income and F^F^ from wage income. So, the household traces its 
equilibrium allocation decisions along the net product curve Bj^ CqEqDq. 
As the family moves to a no-labor-market situation, its consumption 
set shrinks to B^C^A^. This unambiguously follows if there is no simul­
taneous compensation in the area of farmland. The individual household 
traces the equilibrium combinations of aggregate consumption goods (C) 
and leisure under a lower income set. That is, the household's full 
income reduces to Y = P^F (T^., X; A, Y) + V. Second, in the absence of 
wage, the individual's consumption and production decisions become 
strongly interdependent. The locus of the optimum point along B^C^A^ is 
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where Che indifference curve is tangent to the net product curve. The 
demand for leisure now depends not only on the substitution and income 
effects but also the curvature effect of the product curve. Likewise the 
individual's preference for leisure determines the amount of labor 
available for farm work. 
The mathematical formulation of the maximization process is very 
much the same as Model I. Here, we set T^ = 0 and incorporate the 
reduced full income in the constraints. 
Max u(Cp, C^, + X[PpF T-C^, X; A, + V-PpC^-P^-R^X^ 
(})_ : U- - X p = 0 (2-26) 
L : U - X p F = 0 (2-27) 
<t)- : U_ - X P = 0 (2-28) 
M M 
<p^: X[p^F^ - RJ = 0 (2-29) 
<t>^: PpF(T-C^, X; A, Y) + V - P^C^ - P^M - R^X^ (2-30) 
The marginal conditions for the interior solutions are much similar. But 
now the shadow wage rate (w* = P^F^ ] replaces the market wage rate, W. 
The opportunity cost of time is now measured in terms of the value of the 
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marginal product of farm labor. Each family faces a particular W* and 
its value is endogenous to a specific decision process. 
The comparative static results are less conclusive in predicting the 
direction of responses. Suppose we assume there is a change in farm 
price [dPp > o). Its effect on demand for leisure is less determinant 
compared to equation 2-15. Re-write equation A-20 as: 
 ^ dP,. » X ^§1 d«. + ). - (Qp - Qj.) dPp 
where 
then 
let 
dW* = F„ [T-C., X; A, Y] dP - ? F dC + P F dX (2-31) 
F FF FX 
^ ^  ^ ^ - ("f - "c) ^  
°12 
= A g cross substitution effect 
°22 
^LL ~ ^ p own substitution effect 
(-) 
(-) ^ 22 
CC = -X P F —^ curvature effect of the product curve 
''l- - "42 . „  ^income effect 
3Y D 
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(+) (-) 9C 
3C ^LF + V ^LL + " Qc) W 
3i; = r-Tcc; 
(-) 
The demand for leisure depends on the substitution effect (own as well as 
cross), the curvature effect (cc^j and the income effect If the 
income effect, cross-substitution effect and net trading portion are all 
positive, the demand for leisure is indeterminant. Since — = - -5—, 
3Pp 3Pp 
the outcome of the change in farm price on the level of farm output is 
3C 
Tp unknown. An acceptable hypothesis may be > 0 and hence output 
F 
response is negative. 
Likewise there is more uncertainty in predicting the demand for food 
consumption as its own price changes. Unlike equation 2-18, an 
additional information on cross price effect is 
3CU 
• =FF * '=FL * kp - 'c' W 
( - )  (+ )  (? )  (? )  (? )  
necessary to determine the direction of the quantity demanded for food. 
Consequently, the direction of the supply of market farm output is less 
certain. 
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If we drop the assumption of subsistence consumption (c^ = o) and 
the household produces solely for cash crops, the model becomes identical 
to Nakajima's Model I - a pure commercial family farm without a labor 
market. With this model there is no more distinction between total 
output and marketable surplus (Q^, = Qg)- The author concludes that a 
change in farm price has unknown effect on the demand for farm labor (T^) 
and consequently on farm output The same results hold if we 
introduce a change in the size of land (A). Hence, the prediction of the 
model in regard to input uses and farm output is similar to our results 
above. 
The absence of a labor market, according to these models, reduces 
the household's set of independent decisions. 
Model 3: Farm household with nontraded goods 
The results of Model 2 suggest that the absence of labor market 
reduces the individual's set of independent decisions. Decisions become 
as the result less separable and more strongly interdependent. The 
relevance of this model can be extended to more general household models 
that incorporate nontraded nonagricultural activities. These are 
invariably labeled in the models as Z-goods. 
A more simplified formulation of such models is that of the Hymer 
and Resnick model (19). They postulate an agrarian system that (i) 
produces food production which is marketable (Qg > 0] and nonagricultural 
goods (Z-goods) that are entirely for own-consumption. Time allocation 
decisions are not explicitly treated in the model. For simplification. 
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labor supply is implicitly assumed fixed. The thrust of their argument 
is to show that as the economy opens up to trade, the farm households 
specialize in the production of farm production and the share of Z-goods 
falls as manufactured goods (M) replace them. This implies that as farm 
price increases overtime [Pp)> the output response of food production is 
positive. 
In order to elucidate their arguments, we expand the equations in 
Model 1. This is represented in a set of the following equations 
U = u(Cp, Z, C^, > 0 i=F, Z, L, M (2-34) 
Z = Z[T„; X); Z. > 0 (2-35) 
QP = F(TP, X.; A, T); F. > 0 (2-36) 
Qp = Qs+ 
T = Tp + + Tw 
(2-37) 
(2-38) 
The model is similar to the household model with labor market. The only 
additions are Z-goods in the utility function, the transformation 
function for Z-goods (equation 2-35) and the four-way allocation of labor 
(equation 2-38). The distinction between Z-goods and M-goods is that the 
latter are purchased at market places and most likely are of higher 
qiial ity. 
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The individual household maximizes the utility function subject to 
the full income and technological constraints. Writing out the 
Lagrangian equation and differentiating with respect to the endogeneous 
variables, we get the following optimality conditions; 
4.: U(CP, Z, M, C^ ) + A[PPF(T- C^ - T(Z) - T^ , X^ ; A, Y) + WT^  
 ^ ""VF - V -
<t)_ ; U„ - AP = 0 (2-39) CP CP F 
>2= "Z - tPpfTpTz = 0 (2-40) 
° (2-41) 
L : Up - XP F = 0 (2-42) 
(|) : X[P F - W] = 0 (2-43) 
W F 
*X.: = ° 
1 1 
Ppft ] + WT„ + V - P^Cp - P^M - R-X. (2-45) 
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The solutions of the system of equations are similar to Model 1. Suppose 
we impose the basic assumptions of Hymer and Resnick: the household 
sells its farm output [Cp = o), no labor market = o], Z-goods are 
inferior and leisure is a given constant and hence labor is fixed. 
Accordingly, we delete equation 2-39 as = 0, equation 2-42 as leisure 
is not a choice variable and equation 2-43 as = 0. The resulting 
effect of change in farm price on the demand for Z-goods and hence on 
farm output can be derived from the following total differential 
equations. 
3PP ^^^F^TPP'^Z^Z ^F^TP^ZZ^ D DP^ " 
D, D,, 
where 
Szz ~ ^ < 0 Gwp. substitution effect (2-47) 
®11 
CCg = APpF^ 1^2 —< 0 curvature effect of Z(Ty) (2-48) 
p r 
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9Z 
3Y 
D 
41 
D 
(2-50) APP - 1 - TZCCP - CC; 
(+) 
F = F(T - T(Z) ) 
(2-51) 
9z 
Equation 2-50 states that if Z is an inferior good, i.e., < 0, then 
the demand for Z-goods falls as farm price increases. Hence, the 
response of farm output (equation 2-51) will be positive. This result is 
consistent with the Hymer and Resnick interpretation of their Z-goods 
food trade-off model. If we relax the assumption of constant leisure, as 
Barnum and Squire (4) showed, the results it not unambiguous. The effect 
of the change in farm price on farm output depends on the income effects 
of both Z-goods and leisure as well as on their cross and own 
substitution effects. 
F = F(T - - T(Z) ] (2-52) 
(2-53) 
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If we ignore the cross substitution effect, the direction of the output 
response depends on the average of the income effect of Z and C^. Barnum 
and Squire (4) agree that even if we assume Z-goods are inferior, the 
positive income effect of leisure is strong enough to dominate the total 
income effect and get negative output response. So they conclude that 
the incorporation of Z-goods will not change the prediction of the 
standard labor leisure model and hence their presence is redundant. 
Both the assumptions of the negative income elasticity of Z-goods 
(Hymer and Resnick) and the redundancy of Z-goods (Barnum and Squire) 
suggest Z-goods have no theoretical significances. This is somewhat 
dubious. On theoretical grounds, the conceptualization of these goods 
(5, 12, 13, 14, and 31) has formed the basis for various theoretical 
household models. This new perspective to consumer theory recognizes the 
direct effect of value of time, technology and resource endowments on the 
individual's consumption preference. It also recognizes the unification 
of production and consumption activities within a household. Moreover, 
farm and household production may be joint (18). That is, there exists a 
joint production technology that characterizes the unification of these 
activities. Exclusion of Z-goods thus possibly reduces our understanding 
of the economic behavior of individual households. 
On empirical ground, Evenson (12) has documented the importance of 
household activities. There are no conclusive results that suggest their 
significance diminishes as economy moves to a higher production possi­
bility frontier. At least, the Iowa Farm data (18) suggest that 
household production is still an important activity. The production 
structure and the technology may change overtime. But, it still remains 
an integral part of household production activities. 
The redundancy argument implies that any changes in economic stimuli 
have the same impact on the production of Z-goods and demand for leisure. 
Even if the effects are in different directions, Barnum and Squire assume 
that the effect on leisure demand dominates the outcome. First, this is 
a specific empirical result. Its validity depends on the findings of 
more broad and representative studies. Second, the findings of Huffman 
and Lange (18) based on U.S. data indicate that the demand for leisure 
and for household labor respond differently to change in economic oppor­
tunities. In the case of a change in wage rate, for example, its effect 
on household labor dominates the demand for leisure for wives who partic­
ipate in wage work. This is contrary to the expectation of the 
redundancy hypothesis. 
Applications and Empirical Studies 
The farm household models have been applied primarily in developing 
economies; India (45), Taiwan (26 and 46), Japan (24 and 25), Malaysia 
(4), Korea (3), and Sierra Leone (44). These models are based on the 
basic assumptions of Model 1: active rural labor market exists and 
absence of distinct differences in household's preferences towards alter­
native uses of time. The labor market determines exogenously the oppor­
tunity cost of time to participating farm households. Hence, the 
empirical models are estimated recursively. First, the profit-function 
is derived and Chen it is incorporated in the system of demand 
equations. 
Except for the Korean study (3), the production component of the 
rest of the models is estimated using econometric models. The actual 
design of these models varies depending on the formulation of the 
problems, on the specification of functional forms and of variables, and 
the assumptions in regard to the independence of the variables and to the 
error structure. 
Barnum and Squire (4) follow a direct approach in developing the 
restricted profit function and the factor demand equations. They 
estimate the production function for paddy using a Cbbb-Douglas 
functional form. Then, the estimated production function is combined 
with equations 2-5, 2-10, and 2-11 (this chapter). The resulting profit 
equation and factor demands are expressed as a function of a fixed factor 
(land), input prices, and technical efficiency parameters. 
The alternative approach is to estimate directly the system of 
supply of output and factor demand equations as functions of output and 
factor prices. This assumes the existence of competitive markets. 
Prices are exogeneously determined and are assumed to vary sufficiently 
across observations. When a specific functional form for a profit 
function is not assumed, it is approximated by defining a function that 
is linearly homogenous, nondecreasing in product prices, nonincreasing in 
factor prices and convex in prices. Any function that satisfies these 
properties and the regularity condition (e.g., bounded from the above) 
can be considered as a profit-function (44). Then, using the derivative 
property (Hotelling Lemma), the supply and factor demand functions are 
generated. Based on the duality theorems, these functions can be assumed 
as generated from a direct maximization process. 
The profit function approach is applied to the studies on Taiwan, 
Japan, and Sierra Leone. Restricted profit and factor share equations 
are estimated in the case of Taiwan and Japan. A Cobb Douglas form of 
profit function is assumed to describe the underlying technology. 
Strauss (41) starts with a recognition that farm production is joint. He 
assumes the joint technology is separable into a group of outputs and of 
inputs. He defines a Cobb Douglas form for the input demand equations 
and a constant elasticity of substitution for the output supply 
equations. He estimates the system of both output supply and demand 
equations in quantity form to generate the restricted profit function. 
Ahn, Singh and Squire (3) use a linear programming approach. Given 
the farm technology which is linear and the vector of output and input 
pric2S, the model estimates the level of farm profits. 
The search for a functional form for the system of commodity demand 
equations proceeds in the same way as the profit function. The direct 
approach involves a specification of a utility function that implies a 
particular specification of demand equation. Where such an approach is 
considered as restrictive, the alternative is to make use of the duality 
thereoms. If there is a function that is homogeneous of degree zero in 
priccs and income, nonincreasing in prices, nondecreasing in income and 
concave in prices, it can be considered as an indirect utility function 
90 
that comes from certain utility function. The demand functions are then 
derived using Roy's identity (44). 
The linear expenditure system is used by Barnum and Squire, (4) and 
Ahn, Singh and Squire, (3). It is shown elsewhere (15) that these demand 
equations satisfy the general restrictions of zero homogeneity in prices 
and income, Engel aggregation, Slutsky substitution and negative semi-
definiteness of the substitution matrix. 
The system, however, has some restrictive implications. First, it 
assumes only positive income elasticity (no inferior goods) and positive 
cross-price effects (no complements). Second, the income-consumption 
curves are linear. And third, the marginal budget shares are independent 
of prices and expenditures. 
The quadratic expenditure system is a more general case of the 
12 linear expenditure approach. The demand system satisfies the standard 
property of zero-homogeneity, the Slutsky symmetry and aggregation 
condition (16). This system is less restrictive as compared to the 
linear expenditure system. It permits the possibility of inferior goods 
and complementary goods. The marginal budget shares vary with the level 
13 
of expenditure and depend on all prices and expenditure." 
The linear logarithmic expenditure system is another form of demand 
specifications. One way to define an unknown indirect utility function 
is to use the Taylor's expansion series. One such approximation is to 
represent the indirect utility function through a translog approximation 
(10 and 27). For functions that are quadratic in logarithms of 
"ic 
normalized prices (P ), the function can be written as 
where 
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InV = a + Ea. InP.* + 1/2 ZEB.. InP.* InP.* (2-54) 
o i l  I J  1  J  
B^j = Bj^ for all i and j (symmetry condition) 
ZOj = -1 (aggregation condition) 
E B.. = 0 for all i (homogeneity condition) 
j 
The homogeneity restriction is a special case of the family of translog 
functions (10). It implies a homothetic translog function of linear 
logarithmic form where all expenditure elasticities are identically 
unity. 
-P.q. = a. + EB-. InP. + Ey. 
1^1 1 ij J 1 Ind,. (2-55) in k 
It cannot be assumed that a household's expenditure patterns are 
only influenced by prices and income. Other factors like family size, 
age structure, etc. can systematically affect consumption allocations. 
Pollak and Wales (35) develop techniques that introduce these nonprice 
and nonincome variables into Che system of demand equations. The demo­
graphic translation procedure introduces translation parameters, 
dj, . . ., d^. These parameters depend on demographic variables, 
n^, . . . n^, and their functional relation can take any form. The other 
procedure is the demographic scaling. Their difference lies in a way 
they modify the direct or the indirect utility function and their appear­
ance in the demand functions. In the case of the translation technique, 
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the direct utility function U = u(x^, . . X^) is modified as U(X) = 
U(X - d , . . ., X -d). The resulting demand equation is written in 
II n n 
a form as X^ (P, Y) = d^ + X^ (P, Y - ZP^d^). 
Strauss applies (41) the quadratic expenditure system (QES) with two 
modifications to the previous work (16 and 36). One, he incorporates the 
consumption of leisure as part of the demand equations. Two, he replaces 
total expenditure (E) with the full income equation. This allows total 
time available to households (T) and the restricted profit function (II ) 
to appear explicitly in the quadratic equations. 
He introduces demographic variables through a translation procedure. 
Part of these variables replaces the variable for total time. That is, 
total time is indirectly approximated through these instruments. The 
rest of the variables are assumed to have a direct influence on the con­
sumption decisions. The final equations have seven commodities (five 
foods, nonfoods and leisure), three total time demographic variables and 
three translation demographic variables. 
The linear logarithmic system derived from the homothetic utility 
function is the basis for the estimation of the expenditure functions for 
Taiwan and Japan. These studies incorporate the demographic variables 
through a translation procedure. And the symmetry and homogeneity 
restrictions apply on the parameters of the demographic variables as 
well. 
The expression of supply and demand equations in terms of exogenous 
prices assume a sufficient degree of variations across observations. 
These variations are generally limited in cross sectional data. Barnum 
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and Squire (4) estimated direct production function for paddy for lack of 
adequate differences in prices across farm households. The only price 
that varies is the wage rate. Similarly for Korea, the wage rate is the 
only price that varies across the farm households. For Taiwan and Japan, 
prices vary across agricultural regions and through weighing techniques 
across households. In the case of Sierra Leone, they vary across 
regions. 
Barnum and Squire (4) measure wage rate as a ratio of total earnings 
(both in kind and in cash) to the total number of hours of wage employ­
ment. The wage rate is fixed as exogenous variable in the consumption 
and labor supply functions. For Sierra Leone, the wage rate is defined 
as the hourly payment for male labor over 15 years. The same wages are 
used as weights in aggregating the labor supply in male equivalent units. 
If one interprets the wage rate as the marginal wage rate in the 
tradition of neoclassical framework, none of them appears to be a perfect 
measure of the price of labor. But on a practical grounds these average 
estimates may be considered as useful proxy variables. Apart from the 
theoretical validity, however, the wage rate adopted for Malaysia and 
Sierra Leone appears to be potentially endogenous. The endogeneity 
problem stems from what appears to be a two-way interaction between labor 
hours and average wage rate. 
Commodity prices are formed as an average across a set of individual 
commodities. Lau, Lin and Yotopoulos (26) and Kuroda and Yotopoulos (24) 
use geometrically weighted average prices for agricultural commodities. 
The price index for nonagricultural commodities is constructed specific 
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to average farm households (units of observations) in each land size 
class for each region. In the case of Taiwan (26) , this involves three 
stages. First J annual average price for each basic commodity is 
estimated. Second, the basic commodities are formed into mutually 
exclusive composite group of commodities for each region. The regional 
price index for each composite group is constructed as a geometrically 
weighted average of the basic commodities. The weights are the relative 
expenditure shares of the basic commodities in each region. Finally, the 
price indexes of the composite commodities are aggregated into a single 
price index (i.e., price index for nonagricultural commodities) for the 
average household in each land size class. Kuroda and Yotopoulos follow 
a somewhat simpler procedure. From the five composite groups of nonagri­
cultural commodities, one commodity is selected as a representative. The 
corresponding regional price is normalized by dividing by national price. 
The value share for each group is computed as a proportion of the total 
expenditure on all the five composite commodities. This is constructed 
for the average household in each land size for each region. Using these 
household specific value share as weights, a geometrically weighted 
average price is constructed. The two approaches assume households in 
each region face the same regional prices. But, by allowing the shares 
to vary across the average households, prices are considered to vary 
within each region. This is somewhat difficult to justify on theoretical 
grounds as its validity depends on the form of a common utility function 
across households. For a linearly homogeneous utility function, the 
shares remain identical and equal. Hence, price variations may not be 
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observed. From the practical viewpoint this poses a similar problem as 
the formation of wage rate. Variations in shares are associated with the 
decisions on household expenditure. But expenditure is a choice variable 
for the household. The decisions depend on prices, income and demo­
graphic variables. Prices constructed in such a way cannot be considered 
as exogenous variables. Strauss (41) attempts to overcome the 
endogeneity problem through averaging the shares at the regional level. 
He first constructs a weighted average sale and purchase prices for each 
basic commodity using commodity specific share of total expenditures in 
each region. He then aggregates them into composite commodities and 
forms their respective regional price indexes. For consumption prices, 
the weights are the share of the value of consumption. In the case of 
farm sales prices the weights are the share of the regional sales. The 
degree of endogeneity is much lessened even though the potential problem 
is still intact. An alternative may be to use predicted prices instead 
of using the actual prices, i.e., to develop an instrument for prices. 
For instance, the wage rate can be predicted using characteristics that 
influence human capital and labor market conditions and use it as 
instrument. 
One of the sources of such index problems is a high degree of aggre­
gation of commodities. For Taiwan and Japan the supply of output is 
estimated as a residual to the system of profit function and factor 
demand equations. Ahn, Singh and Squire (3) and Strauss (41) introduce 
relatively more disaggregated farm output. On the consumption side of 
the household models, the commodities are similarly aggregated. Lau, Lin 
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and Yotopoulos (26), Barnum and Squire (4), and Kuroda and Yotopoulos 
(24) have distinguished consumption commodities into farm goods, nonfarm 
goods and leisure. And generally, leisure is estimated as a residual in 
to the system of the demand equations. Ahn, Singh and Squire (3) and 
Strauss (41) disaggregated agricultural commodities but labor supply and 
nonagricultural commodities are estimated as a single aggregate 
commodity. 
The disaggregation of commodities is not, however, without practical 
problems. Data may not be available on some commodities which are 
produced or consumed in small quantities. If this exists, it may be less 
useful for a meaningful analysis. The other problem is the truncation of 
data that is evidenced in Sierra Leone data. If observations are 
truncated at zero, the resulting regression would result in biased 
estimates as observations with negative value of the error terras are 
likely to be excluded from the sample. This requires a different 
estimation technique that will take into account the censoring problem 
The estimation of leisure consumption also raises some theoretical 
concerns. The time spent on leisure is a function of total available 
time, working days, length of a day and weights used in aggregating 
household labor. As long as these variables are observed, consumption of 
leisure can be estimated directly or as a residual. This approach is 
adopted for Malaysia and Japan studies. An alternative is to use a nega­
tive of labor supply following the work of Abbott and Ashenfelter (1). 
This has advantages. One, labor supply can be measured with more reli­
ability and second, it is not necessary to measure total time available 
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to households. This procedure is applied in estimating the linear 
expenditure system for Malaysia (A) and for Korea (3). Strauss (41) 
estimates the labor supply function and interprets total available time 
in terms of demographic variables. For Taiwan and Japanese workers, the 
leisure demand is determined as a residual to the system of demand 
equations. In all these studies except Japan, leisure and consequently 
labor supply are not differentiated. Also, what constitutes the elements 
in the definition of leisure varies across these studies. There is no 
consistency in terms of grouping leisure and household production 
activities. 
The assumptions, definitions and measurement of land and capital 
inputs are also not the same across these studies. Barnum and Squire 
(4) defines land as quality adjusted area of cropped land, and it is 
assumed fixed. Capital services are measured as the weighted average of 
the flow of animal power and tractors. Expenses on fertilizers and 
pesticides enter into their production function in value terms. Strauss 
(4) assumes unadjusted total area of croplands and capital flow as fixed. 
In the case of Taiwan and Japan, labor and capital inputs (animal labor, 
mechanical equipment and fertilizer inputs) are measured endogenously in 
the system of supply and demand functions. Farm area is assumed fixed 
and enters directly in the profit function. 
The empirical results in general support the arguments for the 
existence of the simultaneity of decisions at the farm household level. 
One way to ascertain this statement is to examine the signs of the 
selected elasticities presented in Table 2-1. There are two sets of 
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elasticities; one, computed under the assumption of fixed income (n(F)) 
and the other where the level of income is assumed endogenous (endowment-
effect) . Under fixed income assumption, for example, the signs associ­
ated with own food consumption are negative with respect to farm price. 
In the case of labor supply, the signs are positive. But, the signs for 
most of these elasticities change as the farm household takes into 
account the induced effect of change in farm price on the level of 
income. The only exceptions are the elasticities associated with food 
consumption in Japan and Sierra Leone. 
The comparison of these elasticities also sheds some light on the 
significance of the prediction of the theoretical models. For the 
purpose of comparisons only the elasticities of food consumption, of 
nonfarm goods, of labor supply and farm labor demand are selected. 
Wherever it is considered necessary these commodities are disaggregated. 
Also, in line with our choice of variables for our comparative 
statistics, only farm and labor prices, size of land and household 
characteristics are selected as predetermined variables. 
Even though the computed elasticities arc generated from the same 
theoretical model, i.e.. Model I above, the results vary greatly across 
these country studies. First, the studies vary in terms of specification 
and aggregation of the choice variables. Second, despite the fact that 
these countries are considered as a group of developing economies, there 
are wide variations in the farm structure and stage of growth. Moreover, 
these economies differ in the degree of integration within a market 
system. For these main reasons, the comparative results must be 
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interpreted with a caution. Our emphasis here is more on the directional 
changes rather than on the numerical values of their coefficients. 
The change in farm price under the variable profit assumption has 
mixed results on the demand for farm products. An increase in farm price 
is associated with a rise in consumption of food in Korea, Malaysia and 
Taiwan. For Sierra Leone, based on the mean income group, and for Japan, 
the relation is negative. But in all the cases, the absolute values of 
the coefficients are less than one; inelastic demand for food. In the 
case of nonfarm goods and labor supply, the directional changes due to 
farm price are all the same for all countries. For nonfarm goods, an 
increase in farm price is associated with a rise in consumption of non-
farm goods. The response is the opposite for supply of family labor. 
When it comes to the magnitude of the changes, the cross price effects 
are much stronger on nonfarm goods. A one percent increase in farm 
price, for example, is associated with 1.94, 1.18 and 0.8 percent 
increase in demand for nonfarm goods in Malaysia, Taiwan and Korea, 
respectively. The Labor supply elasticities are generally lower than 
unity except in the case of Taiwan (-1.54). 
For Malaysia, Taiwan, Korea and Sierra Leone the own price elastic­
ities of a labor supply are positive and inelastic. The only exception 
is for Japan where wage rate and labor supply are distinguished on the 
basis of their destination—on-farm and off-farm. An increase in farm 
wage rate increases the supply of both farm labor and off-farm labor. So 
far the prediction is consistent with the other country studies. But if 
the change is in the off-farm wage rate the supply of both types of labor 
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falls. The supply of farm labor (-1.97), however, decreases much faster 
than off-farm labor supply (-0.16). Lopez's (28) findings for Canada 
show that own-wage supply elasticities are positive but cross-wage 
effects are negative. The estimated elasticities for Japan and Canada 
suggest that the direction of responses is less conclusive as we move 
towards more disaggregation of labor supply. 
The cross-wage effects on demand for farm goods and ponfarm goods 
are positive for all except for Malaysia and Taiwan. The cross elastic­
ities are all less than unity. When one compares the cross wage elastic­
ities for farm goods and nonfarm goods, however, it appears that the 
demand for nonfarm goods is more sensitive to change in wage rate. 
An increase in family labor force increases the consumption of farm 
goods. This is also true for the supply of total labor. But, when labor 
is distinguished by farm and off-farm basis as is done in Japanese study, 
the direction of change is not necessarily conclusive. As shown in the 
table for Japan the supply of farm labor decreases (-.89) while off-farm 
labor increases (0.21). In the case of demand for nonfarm goods, the 
responses of farm households in Malaysia and Japan are weakly negative. 
For Taiwan, however, the response is positive, i.e., the consumption of 
nonfarm goods increases with the addition of family working members. 
As the size of land increases, the elasticities obtained for Japan, 
Sierra Leone and Taiwan show that the consumption of farm as well as 
nonfarm goods increases. Likewise, the demand for farm labor rises. 
But, because of an apparent complementarity of land and farm labor 
inputs, the supply of labor in general decreases. 
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As indicated in the comparative static results, the directional 
changes of the choice variables cannot be in general established. But, 
according to these country studies, there are observable tendencies. 
First, a change in farm price is possibly associated with a positive 
demand for foods. And more so in the case of demand for nonfarm goods 
and demand for farm labor. A backward bending supply curve of marketed 
output is consistent with the predictions of such models. Also, there is 
a stronger case for negative response of labor supply. Second, a change 
in price of time is strongly associated with a negative response in 
demand for farm labor and a positive change in supply of aggregate labor. 
But it is less certain as to the direction as labor supply is more 
disaggregated. A backward bending supply curve is a possibility 
regardless of the direction of the demand for leisure. In the case of 
the demand for goods, there is a stronger tendency for wage rate to 
induce a positive response in consumption of on-farm goods. Third, an 
increase in family size is strongly associated with a rise in food con­
sumption and aggregate labor supply. Finally, as the quantity of land 
increases, it is likely to raise the demand for farm goods through its 
income effect. It tends to discourage the supply of labor by raising the 
opportunity cost of farm work. 
In the absence of labor market, one may possibly expect similar 
rational adjustments. A rise in price of farm product induces the 
individual to revise its marginal valuation of time and thereby to raise 
its demand for farm labor. In the case of change in quantity of land, 
the adjustment may take different forms depending on the subjective 
Table 2-1. Estimated elasticities for selected commodities under 
alternative assumptions of farm profits* 
Form Owi-Fann Cbnsurnpt ion- — 
of Single- —%gregate— 
Variable (buntry Equation 11(F) n(v) IKF) n(v) 
Farm Price (Pp) ^ b Japan LLES -0.87 -0.35 
Korea^  LES -0.18 0.01 
Malaysia LES -0.04 0.38 
Sierra Ifione® ÇPES - .74 -0.66 
Taiwan 
Wp 
LLES -0.72 0.22 
Wgge rate (W)^  LLES 0.15 0.32 
Rarea LES 0.16 0.01 
Wal^ ia LES 0.06 -0.08 
Sierra leone (^ S 0.47 0.37 
Tkiwan LI£S -0.03 
Fanily labor Force Japan 
Malaysia 
Sierra leone 
Taiwan 
TIFS 
1£S 
gss 
LIES 
0.44 
0.07 
0.84 
Nuriber of Impendent s Japan 
ïfelaysia 
Sierra leone 
Taiwan 
LIES 
LES 
ÇES 
TIES 
0.23 
0.14 
0.43 
land Quantity Japan 
Taiwan UES 
0.19 
Sierra leone ÇES 0.01 0.46 
* The elasticities presented in Columns n(F) are computed as if 
farm profits are given as constant. Elasticities under II(V) are 
generated under the assumption that farm profits are endogenous. 
Kuroda and Yotopoulos (24). 
^Ahn, Singh and Squire (3). 
^Barnum and Squire (4) . 
^Strauss (41). 
^Yotopoulos, Lau and Liu (46) and Lau, Lin and Yotopoulos (26). 
: Farm wage. 
Nonfarm wage. 
103 
-Nonfarm Goods- - Farm Labor - Labor Supply 
—Aggregate— —Aggregate— Farm —Off Farm— All 
IKF) n(v) IKF) n(v) n(F) n(v) n(F) n(v) IKF) n(v) 
0.08 0.61 1.98 0.16 -1.00 0.06 -0.05 — — 
-0.19 0.81 0.03 - .13 
-0.27 1.94 — 1.61 0.08 -0.57 
-0.03 0.14 0.01 - .09 
0.13 1.18 2.25 0.21 -1.54 
0.25 -1.55 — 0.45 — 0.11 — — 
0.50 — — -1.97 — -0.16 — — 
0.77 0.05 0.0 0.11 
0.29 -0.35 -1.47 -0.07 0.12 
0.78 0.57 0.14 0.26 
-0.12 -1.98 — 0.17 
-0.12 — -0.89 — 0.21 
-0.06 — 0.62 
0.84 — 1.27 
0.02 -0.34 — .06 
-0.05 — 0.12 
— 0.20 
0.19 — -0.43 — - 0.4 
0.46 0.93 -0.77 
0.02 — -0.05 
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valuation of labor. A family endowed with an excess labor, the response 
may be towards i) a substitution of more labor intensive production and 
consumption activities, ii) a rescheduling of crop operation periods, 
iii) an increase in intensity of land and cropping practices, and iv) a 
diversification of labor to nonfarm related activities. Given the 
resource constraints, the individual household attempts to adjust to 
changing environment in a rational manner. 
Empirical Model and Estimation Procedures 
The choice of the estimating model is a kind of compromise between 
the theoretical models and existing data set. The available data are not 
complete on labor uses and some key demographic characteristics. 
Specifically, no observed data are available on productive labor uses 
outside the farm and on nonworking time (leisure). Detailed data on age, 
experience and education which are essential components of human capital 
are not available to predict shadow wage rates. So no attempt is made to 
estimate the demand for leisure, for total available household time (T) 
and wage rate . 
One possible theoretical argument that can be used to ignore the 
time variables is to assume that the general utility function (equation 
2-1) is weakly separable and has a utility tree of the form 
U* = U*[fl(Cp), f^(Cjj), f^(C^)] 
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where is a vector of commodities in group i and is the P-th basic 
commodity in group i. The goods are partitioned in groups such that they 
are mutually exclusive and exhaustive. Assuming that the consumption of 
leisure is fixed at some point, , we can derive the conditional demand 
function for the rest of the consumption goods. The wage rate does not 
come explicitly into the conditional demand function. The problem with 
this approach is that it is not possible to filter out the effect of 
total time (unobserved) on income equation and hence its influence on the 
consumption of food and nonfarm goods. 
An alternative but a less theoretically plausible approach is to 
ignore time as a choice variable and concentrate on the demand analysis 
for farm and nonfarm goods. Total expenditure, the procedure that is 
adopted here, a sum of net farm income and asset income, as opposed to 
full income, is endogenized in the estimation of the integrated model. 
A discussion on the estimation procedures and results are presented 
in subsequent chapters. The production component of the household model 
is estimated using a linear programming technique. Even though an econo­
metric estimation of supply and factor demand equations is a more 
appealing procedure, this is not applied here. The scope and the quality 
of the data are not considered as adequate for such type of detail 
procedure. The programming techniques, on the other hand, is considered 
less demanding in terms of data and more flexible. An econometric 
procedure, however, is used in estimation of the consumption model. The 
final chapter uses both procedures in simulation and estimation of the 
impact of policy changes on production and consumption responses. 
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CHAPTER 3. CROP PRODUCTION AND RESOURCE USE PRACTICES; 
A DICHOTOMIZED MODEL (A) 
This part of the paper presents applications of a linear programming 
model. It attempts to accomplish three limited goals: first, to assess 
and possibly to establish the influence of those resources that limit the 
crop production process; second, to simulate the normative responses of 
farmers to choice of crops, resource and consumption mixes under 
alternative farm objectives; and finally, to develop an empirical base 
for selective comparative statics in subsequent chapters. 
A Linear Programming Problem 
This technique is a special case of a general optimization problem 
where all the functions are liiiear in the decision variables. It may be 
specified as 
Optimize (X) U(X) = PX (3-1) 
subject to 
a X 
1 
1 
2 
+ a Xg + (3-2) 
X. > 0 
J — 
(3-3) 
where 
; a' 
a . 
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The model assumes that (a) both the objective and constraint functions 
are linear, (b) the activities are noninteractive, (c) the input-output 
coefficients are proportional (a right-angle isoquant), (d) all the 
coefficients-technical (a^'s), objective function (P) and constant vector 
(B)—are known with certainty, and (e) the decision variables (X) are 
nonnegative. 
14 r Given these core assumptions and the feasible set , J, defined 
jointly by the linear constraints and the nonnegativity of the X's, the 
problem is to optimize the objective function and determine the solution 
vector, say X^. To guarantee the existence of the solution (14), it must 
be that (a) X^ is feasible, i.e., X^ e /, (b) column a^ for which > 0 
are linearly independent, and (c) the feasible set is a bounded convex 
polyhedral set. Then, it is possible to find a hyperplane that describes 
the objective function to support at the corner points of /. If a 
boundary point, X^ is identified, it is a unique optimal solution}^ 
Some of these assumptions may be restrictive as applied to farm 
production process. But the rationale for its use is built on the 
understanding that it provides basic data to examine the nature of farm 
activities. Where these assumptions are considered too restrictive, they 
can be relaxed and modified using additional techniques. For example, if 
the stability of the coefficients is highly suspect, it is possible to 
define the range of the coefficients that makes the solution vector 
robust. This can be done by combining linear programming with a 
technique of sensitivity analysis. Likewise, a stochastic model can be 
formulated if there is a need to establish a probability distribution for 
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the estimated coefficients. Even though these different techniques are 
not pursued here, we have introduced some adjustments to the core model 
to fit to the farm characteristics of the study areas. 
Adaptation of the Structure of LP Models 
Equations (3-1) to (3-2) are modified in line with our description 
of the farm economy above. Specifically, the estimated LP model 
incorporates the following adjustments: 
a. Consumption activities are incorporated into the equations to 
allow for the model to meet its own consumption requirements. 
b. The resource column for labor supply is adjusted for the net 
addition of exchange labor. There is no transaction activities 
for hired labor. 
c. The workstock animals (ox, horses, etc.) are used in various 
stages of the farm production process. The estimated require­
ments and their supply are entered in the resource column. 
d. Alternative farm objectives are introduced both as approximation 
to the households' ordered goals, and to establish trade-offs 
among them. Three goals are recognized. Goal one reflects the 
existing practice of producing first for own needs and then for 
sales income. This has two variants. Variant I simulates the 
existing situation ('historic' mode-a term borrowed from 
Calkin's (7) description of Nepals traditional agriculture) by 
putting a minimum land and subsistence food consumption require­
ments. Variant II allows the household to meet its minimum crop 
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consumption requirements with no land restrictions (subsistence 
model). Goal two forces the household to choose crop mixes that 
meet minimum calorie and protein requirements (nutrition model). 
This is particularly of interest in light of existing evidences 
of food deficiency in the country. The final goal assumes that 
the farmer is solely concerned with an income maximization. 
That is, the individual's desire is to enhance its cash income 
stream and thereby its wealth position. 
The models are short run in nature. They represent a 
single main crop cycle. So the resources are fixed but vary 
among competing activities. The coefficients in the model are 
assumed to be known with certainty. 
A Crop Model 
A representative farm household is assumed to combine three major 
activities, i.e., crop production, marketing and food consumption. This 
is summarized in a general mathematical form below. 
Objective function 
n = Iq=i Ij=i Pjq Xjq " %q=l ^j=l ^jq (^-4) 
q = 1, 2, . . ., r land types 
j = 1, 2, . . ., k for production process 
where 
= net farm cash income, 
P.^ = the unit selling price of production j produced on land 
type q. 
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Xjq = level of production process j on land type q, 
V. = operational cost associated with a unit of production process 
j produced on land type q. 
Land constraint 
D > I? . a. X. (3-5) q — j=i jq jq 
where 
a. = the quantity of land type q required per unit of production 
process j, 
Xj^  = level of production process j on land type q, 
= amount of available land type q. 
Labor constraint 
L  >  I  ^  I .  "  &  .  X .  - L .  ( 3 - 6 )  
m — ''q=l j^ = l mjq jq mjq 
m= 1, 2, . . 12 for months 
where 
£ . = the quantity of labor (person-hours) required in months m per 
hectare of production process j on land type q, 
L^ . = the net quantity of exchange labor used in month m per 
hectare of production process j on land type q, 
Lj^  = the total adjusted family labor available in month m. 
Ox-labor constraint 
B > I y J. " B . X. - (3-7) 
m — '*q=l ^j=l mjq jq mjq 
I l l  
where 
0 . = per hectare requirement of ox-labor in month m for production 
process j on land type q, 
= the quantity of exchange workstock labor available in month m 
^ per hectare of production process j on land type q, 
B_ = the total adjusted ox-labor available on own farm in 
m •' 
month m. 
Financial capital constraint 
 ^^-1 h-l "j, ''jq -
where 
K. = the amount of operating funds (Eth. Birr) required to produce 
a hectare of production process j on land type q, 
= total amount of borrowed financial capital, 
= the amount of owner's fund available for crop production. 
Subsistence crop requirements 
C. < c. X. (3-9) 
J - J J 
where 
Cj = a fraction of retained output-per unit of production j, 
C. = a minimum consumption requirements for crop j. 
Minimum nutritional requirements 
N . < d . X. (3-10) 
zj - ZJ J 
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where 
d . = the amount of nutrients of type z supplied per unit of 
consumption of crop j, 
Ngj = the total amount of nutrients needed to meet the requirements 
for type z from crop type j. 
Commodity balance 
"jq "jq " \ "jq " "j " " 
where 
ot. = the average productivity of land type q in production process 
of j, 
Cjq = amount of crop j on land type of required for family 
consumption, 
Mj = the total amount of output of product j available for 
noneonsumption purposes. 
A schematic summary of these equations is presented in Figure 2. 
Equations 3-4 assume that the family unit behaves strictly to maximize 
income. In such a case, equations (3-9) to (3-11) are set as nonbinding. 
But, when the goal is in the order of subsistence consumption and then 
cash income, both equations (3-9) and (3-11) are set as constraints in 
the optimization process. When the goal is that of attaining minimum 
nutritional requirements, equation 3-9 is replaced by 3-10. Hence, the 
model is flexible enough to simulate the household under alternative 
objectives. Equations (3-5) to (3-8) are a description of the 
requirements and availability of farm inputs. 
1 1 3  
Two types of land are distinguished in equation 3-5. Class I land 
which is available for spring cultivation (Belg crops) and Class II which 
is available for summer cultivation (Krempt crops). No data are 
available to distinguish land by soil type and fertility. 
Equation 3-6 states that the demand for farm labor cannot exceed the 
supply of labor available for crop production. The total supply is the 
aggregation of the net family and exchange labor. The net family labor 
is a measure which is adjusted for obligatory cooperative activities. 
The same procedure is reported for the estimation of the total 
available labor of workstock animals. The net additions due to exchange 
labor are added to labor available from own stock of animals. Even 
though it is possible to endogenize Che supply of such labor through the 
integration of the livestock sector, this is not attempted here. Rather, 
direct estimates of the crop-specific ox-labor requirements and supply 
are directly entered into the model. 
The capital equation states the requirements and the supply of 
financial capital. A feasible production plan has to be within the 
bounds set by the sum of equity and debt capital that a farm faces in a 
particular period. The model allows the individual to use up its own 
equity first and then borrow from capital markets at an on-going interest 
rate. 
The schematic figure (Figure 2) shows the positions of these major 
activities, resource constraints and the technical coefficients. The 
structure of the models is the same for all villages in the study areas. 
The activity block constitutes crop production, capital borrowing and 
^Activity Block 1 Resource Block 
drop Capital (hpital labor Labor Production Rrodiction % source 
Constraint Block Production Borrowing IJrans. Hiring Hiring Selling Buying Cbnsunption Supply 
PI P2 P3 P4 P5 P6 P7 P8 P9 PIO Pll P12 P13 P14 P15 P16 
Objective Fbnction - - - - 0 — — + + + — — — 0 0 0 
land Itequireraents 
R1 a a < B1 
R2 a a £ B2 
Labor Hequiranents 
R3 a -1 < B3 
m a a -1 < B4 
R5 a a < B5 
B6 a _< B6 
CMi Capital 
R7 1 < B7 
Harrowing Limit 
R8 1 £ B8 
Vbrking Capital 
R9 a a a -1 -1 < B9 
Output Balances 
R9 -b 1 -1 1 < 0 
RIO -b 1 -1 1 < 0 
Rll -b 1 -1 1 < 0 
Cbnsumption Gbnstraint 
R12 1 < B9 
R13 1 > BIO 
R14 1 2 Bll 
Nutrition Cbnstraint 
R15 a a a > B12 
R16 a a a 2 B13 
a or +1: per unit requirement level, 
-b or -1: per unit supply level. 
Figure 2. An abridged structure of LP crop models 
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marketing transactions. The resource block is mainly the column for 
available resource levels. Along the rows, the equations for inputs 
(land, labor and capital), for subsistence or nutritional requirements 
and output balance are shown. The coefficients in the main body of the 
matrix are technical coefficient; positive if using up resources and 
negative if augmenting the existing resources. 
The Data Set 
The main source of the data is the farm household survey 
(Chapter 1). Representative farmers were selected from the sampled 
households in each village. This was done on the supposition that these 
representative farmers would share significant similarities in farm 
practices with the majority of the farmers. So, the representative 
farmers who showed close similarities in terms of possession of land, 
family size, crop mixes, and types of dwellings were examined in the LP 
analysis. 
The data base on input uses (labor, land, financial capital), costs 
of production, crop output, subsistence food and nutritional requirements 
is presented in the Appendix (B1-B2). The price data for selected 
products is given in B7. The estimated values for input uses and crop 
output were taken directly from the detailed household survey data. The 
nature of this particular data was discussed in Chapter 1. So, no 
further discussion is necessary. 
But the estimation of average costs of production, subsistence food 
coefficients and nutritional reouireraents were developed using different 
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sources and techniques. It deems necessary to discuss the construction 
of these estimates. 
The average costs of production consist mainly of estimates of 
replacement costs of farm implement and actual purchasing costs of seeds, 
fertilizers and chemical inputs. To estimate the replacement costs, we 
assumed a straight-line depreciation formula. First, the purchasing of 
the implements was annualized as a proxy to their yearly services. Then, 
their costs were distributed across the crops in proportion to their 
cultivated areas. With this process, we obtained the measure of crop 
specific costs of production. As much as the costs of the farm tools do 
not reflect the actual working ages and the rates of depreciation are not 
proportional to land sizes, this valuation procedure may not guarantee 
correct estimates. As to the costs of the other inputs, i.e., seeds, 
fertilizers and chemical herbicides, two parameters were estimated-
seeding rate per hectare and the market prices. The aggregate of the 
replacement costs and the seed-fertilizer costs made up the crop specific 
average costs of production. 
The construction of the nutrition model assumes that there exists 
data on nutritional requirements and the nutritive values for selected 
crops. No authoritative data are available on nutritional requirements 
in Ethiopia. In one report (11), the energy requirement was set at 3,500 
calories per adult equivalent. The same report reveals that the actual 
intakes were much below the required level. Other studies (33) assume 
that an adult would require 2,400 calories per day for an adequate 
intake. Likewise, the requirement for protein would be 65 gms per day. 
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These conservative estimates were used as adequate requirement levels. 
In order to interpret these coefficients into annual family nutritional 
requirements, the family units were standarized into consumption 
equivalent units. Given the nutritional requirements per adult and the 
size of family units in consumption equivalent adult units, the annual 
nutritional requirements were estimated for both calorie and protein 
intakes (Table 3-1). The selected crops with their specific nutritional 
content were incorporated into the crop models to supply the required 
nutritional inputs to the representative households. 
Table 3-1. Data on annual nutritional requirements for representative 
households® 
Shashemene Villages 
Nutrient Lowland Uplands 
Calories 3,942 4,117.2 
('000) 
Protein 106.76 115.51 
('000 gms) 
Dangella Villages 
Dangella Area Abella Villages 
4,467.6 4,292.4 
121.00 116.25 
®Source : Compiled by the author. 
The data on subsistence food requirements constituted estimates of 
the amounts that farmers withold for their own consumption. The consump­
tion mix may not necessarily be optimal from nutritional standards. Our 
estimates came mainly from the reports of the farm households. But they 
were revised and adjusted in accordance with the national report (11) on 
the rates of consumption per person. The final crop specific own 
consumption rates are given in Table 3-2. 
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Table 3-2. Crop specific subsistence consumption requirements^ 
Study Area 
Crop Shashemene Dangella 
(kgs/person/week) 
Corn 2.0 0.41 
Teff 0.32 1.05 
Barley — 0.35 
Wheat 0.21 — 
Sorghum 0.39 0.37 
^Source: Adapted from our household survey and a report on Rural 
Household Survey in Ethiopia (11). 
Validation of the Models 
The mean data presented in Chapter 1 are compared here with the 
predictions of the crop models. The test procedure assumes that to the 
extent that the deviations are reasonably small, the results will be 
tolerated. This is because the representative farmers may not exactly 
correspond with the average households. As long as the mode and average 
values converge, the gaps must be small. If the differences are 
tremendous for most of the variables, it implies the modelling is not in 
line with the farm practices. 
For most of the crops, the gaps are reasonably small. Specifically, 
the lands allocated to teff and corn crops are strongly comparable. The 
models underestimate the lands for barley fields. Also, for niger seeds 
and millet crop areas in Dangella villages. 
The models are much stronger in predicting the net farm income. The 
imputed values of subsistence consumption are added with the cash value 
of the objective function generated under the historic mode. The actual 
income data is taken from the estimates of expenditure approach in 
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Table 3-3. Simulation of existing land allocation, food consumption and 
levels of cash farm income 
Shashemene Villages Dangella Villages 
Lowlands Uplands —Dangella Area— -Abella Villages-
Actual Predicted Actual Predicted Actual Predicted Actual Predicted 
a. Area Planted 
Com 1.21 1.20 1.36 1.32 0.11 0.19 0.35 0.25 
Teff — — 0.40 0.56 1.40 1.51 1.46 1.40 
Wheat — — 0.27 0.27 
Barley — — 0.47 — 0.49 0.37 0.52 0.30 
Sor^ um 0.14 0.07 0.10 0.05 
Millet — — 0.82 0.70 
Niger seeds — — 0.29 0.27 0.74 0.55 
Subsistence 
Consuiq>tion 
('00 kgs) 
Com 6.21 6.21 5.22 5.23 1.51 1.50 1.15 1.15 
Teff — — 0.84 0.85 3.42 3.42 3.10 3.10 
Wieat — — 0.54 0.54 — — 
Barley — — 1.01 1.10 0.98 
Sorgtnm 0.66 0.66 0.64 0.64 — — 
Millet — l.Ot 1.04 
Net Farm 
Inccme 369.98 371.19 561.45 587.40 553.29 587.48 561.77 572.67 
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Chapter I. The predicted farm incomes are within a 5 percent margin from 
the actual estimates. 
Notwithstanding the difficulties associated with establishing a 
conclusive statement on the predictive power of the models, one can 
accept that they simulate with reasonable accuracy the existing farm 
practices. The subsequent analysis is based on this strong supposition. 
Empirical Results and Analysis 
The effects of alternative farm objectives are examined in this 
section. Specifically, their effects on (i) choice and the rankings of 
crop and consumption mixes, (ii) cash farm income and the associated 
trade-offs in income earnings, and (iii) resource uses and their 
respective returns. 
For the historic mode, we impose land as well as crop specific 
constraints on the optimization process. The land specific constraints 
will be relaxed under the subsistence mode. Both constraints will be 
relaxed and replaced by nutritional requirements under the nutrition 
mode. Finally, all the constraints will be set as nonbinding for the 
exercise under the market mode. 
Shashemene villages 
Crop mixes Under the existing practices (i.e., historic mode), 
the typical farmer in the lowlands raises two field crops (corn and 
sorghum) and two garden corps (peppers and potatoes). The crop mix 
remains significantly unchanged under the historic and subsistence modes. 
Corn remains as the leading and sole crop. Sorghum drops out only as the 
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farmer shifts to pure income maximization and nutrition alternatives. 
But, by and large, no appreciable changes are observed in the mixture of 
crops under all the alternatives. 
The results are different for a representative farmer in upland 
villages. At the existing practices, corn is the leading crop. But as 
the farmer shifts towards the subsistence mode, teff crop takes the lead 
followed by corn. The same pattern is maintained in the case of the 
income maximization program. The pattern slightly changes in favor of 
wheat crop under the nutrition model. As a main source of available crop 
proteins, the farmers introduce wheat in their production plan. Lands 
are drawn from corn and teff to grow wheat. 
In general, however, teff remains the main crop except under the 
existing practices. Corn remains by and large as a second popular crop. 
The only exception is under the nutrition model. Here, wheat replaces 
corn. To the extent that the ecological and soils conditions are 
adaptable, the alternative farm programs suggest a different mixture of 
crops. 
Choice of consumption bundles For the farmers in the lowland 
villages, corn constitutes the basic food crop. The other crops 
(sorghum, potatoes and green peppers) are largely supplements. The 
dependency on this monocrop is more prevailing under the nutrition model. 
Despite the fact that this crop is deficient as being a sufficient source 
of nutrients, it remains the most popular crop. 
The consumption pattern is similar in upland villages. The farmers 
are dependent on the corn crop. But, unlike the farmers in the lower 
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plains, these have more choices in selection of cereal crops. In fact, 
the model suggests that farmers must grow wheat in no less magnitude as 
corn (Table 3-5) if they have to meet the minimum nutritional norms. As 
farmers move out from existing practices, it is rational on their part to 
diversify their sources of nutrients. 
Cash farm income Corn remains the sole source of cash income for 
farmers in the lowlands. Its dominance is enhanced as the farmers' goal 
becomes strictly income maximization. But, teff crop takes the place of 
corn in upland villages. Here, except under historic mode, teff is the 
most preferred source of sales income. 
As to the levels of cash income, there are two noticeable patterns 
(Tables 3-4 and 3-5). One, as the constraints become less binding, the 
farmers' cash income shows a rising trend. Two, the farmers prefer to 
produce rather than to purchase those crops that are essential for their 
nutritional requirements-corn and wheat. A retention of these crops for 
home consumption means a sizable cut in marketable surplus. This is 
evident from a lower earnings of cash income unde the nutrition model. 
An alternative interpretation of the differential impact of these 
production plans on cash income earnings is to measure the foregone 
income. One measure is to assess the amount of cash income (in Ethiopian 
Birr) gained per unit of income lost as the farmer moves out from the 
alternative plans to market mode. This will allow us to compare all 
under the same base. 
As Table 3-4 reveals, the farmers in the lower plains gain the most 
as they switch from the nutrition mode to market mode; by a factor of 
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2.48. The pattern is similar in upland villages. The penalty cost is 
higher for nutrition plan (0.59). The existing practices—historic raode-
-are also no less (0.60) in terms of imposing a loss in cash earnings. 
If one is tempted to measure the welfare of the farmers in terms of cash 
generating capacity, the market model dominates all the other 
alternatives. 
Likewise, the market participation of the farmers rises as they move 
towards the market mode. This is evident from the rising pattern in 
volume of sales. 
Resource uses and returns As the shadow prices indicate, land is 
the most limiting factor in crop production. An increase in land size 
can significantly enhance the income of the farmer. 
But, the sensitivity of cash income to changes in size of land 
varies with a particular choice of production plan. One measure is to 
examine the range where the shadow price for land is defined for each 
optimum production plan. In the case of upland villages, the nutrition 
model can respond quite rapidly to land adjustment (Table 3-5). For the 
others, the range is relatively bigger and hence the response is lower. 
In regard to labor uses, there are noticeable differences between 
the villages. Suppose we take as a reference the existing practices, 
i.e, historic mode (Table C-1). First, the aggregate rate of labor 
utilization is higher in lowland villages; an employment rate of 59 
percent versus 40 percent in upland villages. This may be attributed to 
differences in size of family units and the composition of crops 
(Chapter 1). Second, both villages reach their peak in their labor 
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requirement during the rainy months. But, beyond these months (June-
August) , the demand curve tapers out relatively rapid in the lowland 
villages. Finally, there is no rescheduling of labor uses as the farmers 
in the lower plains move towards an income maximization production plan. 
This is due to absence of changes in the crop mix. There is, however, 
slight changes in the upland villages. As the farmers shift their 
emphasis from corn to teff crop, there is a corresponding increase in 
demand for labor in the late rainy and/or early dry months (October-
November) . 
Because of the relative abundance of labor, the overall return per 
labor is quite low; on average 0.30 Eth. Birr per hour. The return is 
relatively higher in both villages under the market mode. In contrast, 
the return on land is much higher (Tables 3-4 and 3-5). If one assumes 
the farmers behave according to market norms, the rental value of land is 
over 200 Ethiopian Birr (Tables 3-4 and 3-5). Land, depsite the promise 
of the land reform, is a most limiting factor. We cannot claim labor is 
a real constraint unless the demand profile is interpreted on a monthly 
basis. In such a case, labor may be a limiting constraint on the 
production process. August labor is a case in point. 
The needs for additional financial funds are not evident in these 
models. A farmer with own equity of Eth. 30 Birr in lowland villages and 
Eth, 50 Birr in upland villages can be self-sufficient to meet its cash 
components of its costs of production. The only exception is when the 
farmer in upland villages adopts a nutrition plan. Here, it has to 
borrow not less than Eth. 12 Birr. This largely reflects the material 
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Table 3-4. A summary of results on return and uses of resources: lower 
plain villages® 
Historic Mode Subsistence Mode Nutrition Mode Market Mode 
Maximand Value 211.55 212.33 152.68 
Activity Level 
1. Production (ha) 
Com 1.20 1.15 1.22 
Sor^ un 0.07 0.06 
Peppers 0.22 0.24 0.28 
Potatoes, early 0.01 0.(% 
Potatoes, late 0.03 0.03 0.03 
2. Ort-Farm 
Consimption (kgs) 
Com 620.70 620.70 1,127.80 
Sorghvm 66.17 66.17 
Peppers 24.00 24.00 
Potatoes, early 42.00 42.00 
Potatoes, late 33.00 33.00 
3. Purchases (kgs) 
Potatoes, early 32.20 32.20 
4. Sales (kgs) 
Com 963.30 899.04 488.39 
Peppers 213.60 231.95 297.65 
Potatoes, late 33.00 
5. Borrowing Funds 
(Eth. Birr) 
Resources Used 
I. Land (ha)^  1.52 1.52 1.52 
(1.00) (1.00) (1.00) 
2. Labor (hrs)^  1.481.37 1,531.91 1,565.91 
(0.59) (0.61) (0.62) 
3. Financial Capital'^  27.35 26.78 27.20 
(Birr) (0.55) (0.54) (0.55) 
378.24 
1.22 
0.28 
0.03 
1,616.20 
297.63 
33.00 
1.52 
(1.00) 
1,565.91 
(0.62) 
27.20 
(0.55) 
Source: LP runs. 
These figures in parentheses are shares. 
Table 3-4. continued. 
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Historic Made Subsistence Mode Nutrition Mode Market Mode 
Resource at Limit 
Land 
August Labor 
MEV 
261.08 
Range 
(1.33, 
1.51) 
MFV Range 
0.02 (107, 
278) 
MEV 
244,16 
0.02 
Range 
(1.15, 
1.50) 
(63, 
264.68) 
MPV 
244 
0.02 
Range 
(0.33, 
1.51) 
(63, 
(264.68) 
E. Unit Cash Return 
1. Lard (Br/ha) 139.18 
2. Family Labor 
(Br Air) 0.14 
3. Financial Capital 7.73 
F. Cash Income Tirade-offs 
1. Historic Mode 1.0 
2. Subsistence Mode 
3. Nutrition Mode 
4. Market Mode 
139.69 
0.14 
7.93 
1.0 
100.44 
0.10 
5.61 
0.72 
0.72 
248.84 
0.24 
13.90 
1.79 
1.79 
2.48 
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Table 3-5. A summary of results on return and uses of resources: 
Uplands Shasheraene^ 
Historic Mode Subsistence Mode Nutrition Mode Market Made 
A. Maximani Value 391.77 499.24 385.32 658.00 
B. Activity Level 
1. Production (ha) 
Com 1.32 0.64 0.40 0.75 
Teff 0.56 1.44 1.35 1.45 
Vheat 0.27 0.05 0.45 — 
Sorgjiun 0.05 0.06 — — 
2. On-Farra 
Consuiption (kgs) 
Com 523.94 523.90 723.89 
Teff 84.70 84.70 — 
Vheat 54.00 54.00 454.32 
Sor^ un 65.00 65.00 
3. Purchases (kgs) 
Sorghum 12.95 
Com 194.54 
4. Sales (kgs) 
Com 1,206.57 317.97 — 977.29 
Teff 414-82 1,201.62 1,203.75 1,297.45 
Wieat 220.59 — — — 
5. Borrowing Funds 
(Eth. Birr) 3.30 — 11.92 1.27 
C. Resources Used 
1. Lani (ha)'' 2.2 2.2 2.2 2.2 
(1.0) (1.0) (1.0) (1.0) 
2. Labor (hrs)'' 1,000.32 978.10 967.84 966.84 
(0.40) (0.39) (0.38) (0.38) 
3. Financial Capital^  53.30 52.22 61.92 51.27 
(Birr) (1.06) (1.07) (1.24) (1.03) 
® Source: LP runs. 
^ These figures in parentheses are shares. 
Table 3-5. continued. 
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Historic Mode Subsistence Mode Nutrition Mode Market Mode 
D. Resource at Limit MPV Range MPV Range MPV Range MPV Range 
Land 339.05 (2.1, 216.88 (1.99, 294.74 (2.13, 215.08 (2.13, 
3.03) 3.02) 2.31) 3.71) 
August Labor — — 1.50 (22.33, 0.55 (110.5, 1.50 (99, 
137.16) 180.23) 180.24) 
Funds (Br.) 0.09 (0, — — 0.09 (0, 0.09 (0, 
53.3) 51.28) 51.27) 
E. Unit Cash Return 
1. Land (Br/ha) 178.08 226.93 175.15 299.10 
2. Family Labor 
(Br Air) 0.39 0.51 0.40 0.68 
3. Financial Capital 7.35 9.56 6.22 12.83 
F. Cash Income Trade-offs 
1. Historic Mode 1.0 1.27 0.98 1.68 
2. Subsistence Mode 0.77 1.32 
3. Nutrition Mode 1.71 
4. Market Mode 1.00 
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content and the technological level of farming practices in the region. 
Given the existing resource base and available choices of production 
process, the demand for financial capital is much weaker than land and 
labor inputs. 
Dangella villages 
Crop mixes The crop composition of the two study villages— 
Dangella area and Abella—is similar in most respects. Under the 
existing practices, the farmers grow no less than four crops— 
specifically, teff, barley, corn and niger seeds. Second, as they shift 
their emphasis to the other production goals, the crop mix is limited to 
two main crops—teff and barley. Corn is added in Abella villages. 
Because this crop is highly labor intensive, those in Dangella area would 
prefer not to grow corn. 
As one may notice in Tables 3-6 and 3-7, the share of land allocated 
to teff, barley and corn remains the same under all the production plans 
except the historic mode. Teff, a popular highland crop, holds the lead 
in terms of area occupation. 
Consumption bundles Under the prevailing arrangements, the 
farmers produce and consume part of their crop produces. The only 
exception is niger seeds which is produced primarily for cash purposes. 
The producers are generally self-sufficient in terms of meeting 
their subsistence needs. None of the farmers purchases these crops for 
home consumption. The exception is corn in Dangella area which is partly 
purchased in market places. 
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Under the nutrition mode, there are significant adjustments. One, 
the most popular staple crop (teff) drops out of the optimal solution. 
Two, barley with its slight edge in protein content, assumes a signif­
icant share in the farmer's food budgets. Third, corn largely replaces 
teff as a main diet crop. This is reflected with a sudden surge in the 
purchases of corn in both villages. 
To conclude, teff as a traditional popular crop constitutes the 
bulk of consumption under the existing practices. But, because of its 
inferiority in calorie and protein nutrient values, the other crops (corn 
and barley) assume a higher share under the nutrition program. Teff is 
produced but solely to generate cash income. 
Cash farm income The production plan under the market mode 
generates the highest net cash farm income in both villages. Teff is the 
main cash crop. It is folowed by barley and corn. 
At the other extreme, the cash earnings under the nutrition mode are 
the lowest. This is possibly related to two factors. One, corn is no 
longer produced for sale such as the case under the market mode. The 
farmers have to use part of their sales income from the other crops to 
finance the purchase of corn. Two, like corn, barley has to be produced 
and retained or purchased when it is considered as a necessary crop to 
meet nutritional requirements. This further reduces the net cash income 
of the farm households. 
A comparison of the existing practices (historic mode) with subsis­
tence mode suggests that the farmers can boost their income and still 
meet their subsistence goals. By concentrating their resources on 
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relatively higher value crops—teff and barley—the farmrs can meet their 
subsistence goal and raise their net cash income. 
The penalty associated with a shift in choice of production plan 
away from market mode is highest for nutrition mode. For every unit of 
loss in cash income, there is a gain of almost 0.54 unit under the nutri­
tion plan. Next is the existing farming practices. The farmers gain 
almost 0.70 unit as they sacrifice a unit of income generated under 
market mode. The other production plans can be similarly compared 
pairwise (Table 3-6 and 3-7). 
It is evident from the analysis that there is a negative trade-off 
between income and nutrition maximization objectives. But, the actual 
magnitude depends on the degree of independence among these goals. If 
nutrition is considered as a subordinate to income maximization, the 
relevant of such comparison actually diminishes. 
Resource uses and returns Land is a key constraint in the 
production of these various crops. Its imputed rental value is highest 
in Dangella area; a mode of Eth. 127.27 Birr to Eth. 69.21 Birr in Abella 
villages. Across the production plans, it is most limiting under the 
historic arrangements. That is, the farmers can substantially reduce 
land constraint if they alter their cropping pattern. 
Based on the estimates of the total supply of family labor, the 
share of crop labor under historic mode ranges between 0.44 in Dangella 
villages to 0.53 in Abella villages. About half of this labor is used in 
the months between November and February. December is the busiest month 
here. The next important months are June to August. The participation 
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rates are in the range between 0.34 to 0.38 across the villages. Here, 
the peak month is August. Both these two periods explain most of the 
variations in seasonal uses of labor. 
The movements toward a market mode has mixed results on the partici­
pation rates. The overall utilization rates have slightly increased in 
both villages (Tables C-2). Across the seasons, there are slight changes 
in labor schedules. In Abe11a villages, the presence of corn in the crop 
mix has slightly shifted the work concentration to the June-August months 
(from 0.38 to 0.43). For the November-February months, the participation 
rate has fallen from 0.48 to 0.40 (Table C-2). There are however, no 
appreciable changes in Dangella area villages. 
Regarding financial capital, there are at least two noticeable 
facts. One, a farmer with a financial capital not less than 100 Eth. 
Birr is capable of meeting the demand for working capital. Two, the 
demand for financial capital is not sensitive to changes in production 
plans. A farmer in Abella villages has to borrow 30.2 Eth. Birr 
regardless of his objective function (Table 3-6). 
In summary, land is the most limiting farm import. Labor is 
generally not a constraint, but critical shortages are observable in some 
months. Thus, there is a potential for seasonal shortages in labor. 
Financial capital can be a limiting case if the farmers have no 
opportunities to get borrowing funds at favorable conditions. 
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Table 3-6. A summary of results on return and uses of resources: 
Dangella area^ 
Historic Mode Subsistence Mode Nutrition Mode Market Mode 
A. Maxiraand Value 
B. Activity Level 
1. Production (ha) 
Teff 
Barley 
Niger seeds 
Com 
2. On-Farm 
Consuiçtion (kgs) 
Teff 
Barley 
Com 
3. Purchases (kgs) 
Com 
4. Sales (kgs) 
Teff 
Barley 
Niger seeds 
5. Borrowing Funds 
C. 
273,46 
1.51 
0.37 
0.27 
0.19 
342.00 
101.00 
151.00 
20.00 
810.73 
165.40 
32.13 
342.63 
1.84 
0.50 
342.00 
101.00 
151.00 
151.00 
1,060.31 
261.21 
220.77 
1.84 
0.50 
512.34 
1.84 
0.50 
1,457.83 
1,457.83 
1,402.31 
362.21 
1,402.31 
362.21 
(Eth. Birr) 4.44 5.35 5.35 5.35 
Resources Used 
1. Land (ha) 2.34 2.34 2.34 2.34 
(1.0) (1.0) (1.0) (1.0) 
2. T.abor (hrs)^  1,275.61 1,295.2 1,295.08 1,295.31 
(0.44) (0.45) (0.45) (0.45) 
3. Financial Capital 54.44 55.35 55.35 55.35 
(Birr) (1.09) (1.11) (1.11) (1.11) 
Resource at Limit MPV Rar%e MPV Range MPV Range MPV Range 
Land 241.61 (2.13, 
2.64) 
127.27 (2.2, 
3.34) 
127.27 (2.2, 
(3.34) 
127.27 (2.2, 
3.34) 
December Labor 0.68 (110.4. 
360) 
0.68 (110.4, 
360) 
0.68 (110.4, 
360) 
Working Funds 0.09 (0, 0-09 (0, 0.09 (0, 0.09 (0, 
53.50) 55.35) 55.35) 55.35) 
Unit Cash Return 
1. Land (Br/ha) 116.86 146.42 94.35 218.95 
2. Family Labor 
(Br Air) 0.21 0.26 0.17 0.40 
3. Financial Capital 5.02 6.19 3.99 9.26 
Cash Income Trade-offs 
1. Historic Mode 1.00 1.25 0.81 1.87 
2. Subsistence Mode 0.64 1.50 
3. Nutrition Mode 2.32 
4. Market Mode 1.0 
Source; LP runs. 
The figures in parentheses are shares. 
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Table 3-7. A summary of results on return and uses of resources: 
Abe11a villages^ 
Historic Mode Subsistence Mode Hjtrition Mode Market Mode 
A. Majdmand Value 397.42 406.36 309.47 567.53 
B. Activity Level 
1. Production (ha) 
Teff 1.40 1.78 1.78 
Millet 0.70 
Barley 0.30 0.95 0.95 
Niger seeds 0.55 
Com 0.25 0.47 0.47 
2. Qn-Faim 
Consumption (kgs) 
Teff 310.00 310.00 
Millet 104.00 
Barley 98.00 98.00 860.21 
Gom 115.00 115.00 436.76 
3. Purchases (kgs) 
Millet 104.00 
Barley 400.80 
Com 781.28 
4. Sales (kgs) 
Teff 820.40 1,127.64 1,437.64 
Millet 561.00 
Barley 46.60 361.41 
Cbm 11830 321.76 
5. Borrowing Funds 
(Eth. Birr) 28.85 30.20 30.20 
C. Resources Used 
1. Land (ha)^  3.20 3.20 3.20 
(1.0) (1.0) (1.0) 
2. labor (hrs)^  1,552.29 1,622.83 1,622.83 
(0.53) (0.55) (0.55) 
3. Financial Capital^  78.85 80.20 80.20 
(Birr) (1.58) (1.60) (1.60) 
1.78 
0.95 
0.47 
1,437.64 
439.41 
436.76 
30.20 
3.20 
(1.0) 
1,622.83 
(0.55) 
80.20 
(1.60) 
^ Source : LP runs. 
^ These figures in parentheses are shares. 
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Table 3-7. continued 
KLsCorlc Mode Suhsistenoe Made Nutrition Made Market MDde 
D. Resource at limit MFV Range MPV Range MPV Ran^  MEV Range 
Land 238.56 (3.2, 0.21 (2.5, 69.21 (2.4, 69.01 (2.4, 
3.3) 4.7) 4.0) 4.7) 
Aygust Labor — — 0.21 (237.3, 0.26 (195.1, 0.21 (195.1, 
3,316.3) 1,316.3) 1,316.3) 
December Labor 0.90 (0.68, 0.91 (83.6, 0.88 (62.6, 0.91 (62.62, 
461) 399.9) 466.3) 466.29) 
E. Unit Cash Return 
1. Land (Br/ha) 124.19 126.99 96.71 177.35 
2. Family labor 
(Br/hr) 0.26 0.25 0.19 0.35 
3. Financial Capital 5.04 5.07 3.86 7.08 
F. Cash Income 'Drade-offs 
1. Historic Made 1.0 1.40 1.83 1.43 
2. aibsistence Made 0.76 1.40 
3. Nutrition Mode 1.83 
4. Market Made 1.00 
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CHAPTER 4. ESTIMATION OF CONSUMPTION FUNCTIONS; 
A DICHOTOMIZED MODEL (B) 
The paper is organized in three sections. Section one covers a 
basic description of the data base. It is followed by a discussion of 
the empirical demand models. Preliminary estimation results are reported 
in section three. Building on these tentative findings, a specialized 
form of demand system is estimated in the closing section. 
The general purpose of this chapter is to identify, measure and 
establish the parameters that influence the variations in consumption 
among farm households. The focus is primarily on explaining decisions 
involving current household consumption. So, the paper does not cover 
analysis of the demand for investment goods. 
Data Set 
The construction of the final data set involves three stages. The 
first stage is to filter out the errors that may arise in the collection, 
processing and reporting of the raw data. The second step is to identify 
the items that can be justified to be included in the consumption 
analysis on theoretical groud. And, finally, to group these items into 
composite commodities. 
The success of data cleaning depends on the types of the errors as 
well as the way these errors enter in the data set. It is much more 
difficult to detect response errors than coding or punching errors. It 
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becomes even more difficult if the erroneous information is entered in a 
systematic pattern. There is no way to identify the errors under such 
circumstances. What we did here was to concentrate exclusively on obser­
vations which appeared to be inconsistent and nonrepresentative. We 
dropped invalid responses that arose due to incompleteness, misinterpre­
tation of codes and inaccurate measurement conversions. Extreme values 
were treated with caution. Attempts were made in their case to trace 
their source through a disaggregation of the data set. As long as they 
were recorded in systematic pattern throughout the registry, they were 
retained. 
By the end of the filtering of the most managed errors, the size of 
the sample was reduced to 70 farm households. About 20 percent of the 
households were rejected in the process. The observations obtained from 
these households were taken into further compilation of the consumption 
data set. 
The next step is to identify the relevant items from a list of 280 
commodities. First, by definition total expenditure is a measure of net 
farm income. So, expenses on items related with current farm production 
(Group C and D in Table 1-18) were deleted. Second, some items like 
medical costs, ceremonial expenses and household durables were purchased 
infrequently by the survey population. The average outlay per purchasing 
household was much greater than the average for all sampled households. 
The inclusion of these items may cause a potential endogeneity problem in 
the estimation of regression equations. We cannot claim under such 
circumstances that the individual's total outlays are independent of the 
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error terms in the regression equations. Finally, some items with a life 
expectancy of more than a year were scrutinized. This is because of the 
theoretical concern that these items impose in the final analysis. What 
we measure here is a flow of services in a specific period of time. But, 
the reported data contains the stock value of these items. A case in 
point is the household's outlay on durable goods. In such a case, either 
the prices must be adjusted to relfect the value of the flow of services, 
or the goods must be included. Because of the relative low share of the 
household's budget allotment to these goods, the latter option was 
adopted. 
The selection process at this stage has sufficiently reduced the 
number of items in the list. We regrouped the items, computed their 
respective share and ranked them by the degree of the participation of 
the households in their purchases. As one may ascertain (Chapter 1), the 
final list includes food crops, purchased foods, clothing and footwear. 
These three commodity groups accounted for over three-fourths of the 
adjusted total consumption outlays. The final data set includes these 
composite commodities; food crops (mainly cereal crops), purchased foods 
(coffee and salt) and clothing. The rest is grouped under a category of 
others. 
The reduction of the data to a few commodities has some advantages. 
One, the technicalities involved in aggregating a wide set of commodities 
are reduced. Two, the theoretical challenges associated with aggregation 
and indexation are partly circumvented. And finally by concentrating on 
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a few essential commodities which are more representative, a more 
meaningful interpretaton can be established with the model estimates . 
Estimation Procedure 
Econometric model 
C. = Z. S. + U. (i = 1, . . 4) (4-l)-(4-4) 
1 11 1 
Z. = X.5. + V. (i = 1, . . 4) (4-5)-(4-8) 
1 11 1 
where 
= Txl vector of dependent variables. 
Z^ = TxK^ matrix of independent variables. 
= TxP^ matrix of independent variables. 
3. = K.xl vector of coefficients. 
1 1 
(5. = P.xl vector of coefficients. 
1 1 
U. = Txl vector of error terms. 
1 
V. = Txl vector of error terms. 
1 
Equations (4-l)-(4-4) describe the commodity demand equations for 
the four selected commodities; cereal foods, purchased foods, clothing 
and others. The Z-matrix contains a set of independent variables. At 
this stage we assume that income (E) is exogenously given to the 
household and is equal to the net expenditures on these selected 
commodities. Other candidate variables that appear in matrix Z are 
nonlabor prices, demographic and locational variables. These variables, 
particularly deoraographic variables, that appear in the matrix Z are 
140 
those that are considered to have a direct influence on the consumption 
of the selected commodities. 
Some of the independent variables included in the matrix Z may not 
be directly observed. Their values may have to be predicted using 
instrumental variables. This is what is indicated in equations (4-5) to 
(4-6). These instrumental variables appear in the matrix X. These 
variables may have to be nonreplicate to the ones included in the matrix 
Z. 
The adding up property of the income equation, i.e., Y = 
H = 1, . . ., T implies that the sum of the shares of individuals 
household's (H) outlay must add up to unity. Alternatively, the error 
terms associated with the consumption equations for each household sum to 
zero. This raises two econometric issues. One, the error covariance 
matrix is singular. So, one of the equations can be dropped without a 
loss of information. Two, the error across equations are correlated. 
This suggests to use a more efficient procedure that takes into account 
the available knowledge on cross correlations. 
We postulate that the classical linear model assumptions hold for 
each consumption equation, C^. That is 
E(U.) = 0 4 (4-9) 
1 
4 (4-10) 
Z. is assumed fixed and full rank. 
1 
(4-11) 
The error process generates values with an average value of zero. 
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Equation 4-10 is a variance-covariaace matrix where the diagonal elements 
( 0. . > 0 -V-. = i) are assumed to be constant across observations. And 
ij 1 
the errors corresponding to different observations are uncorrelated, 
= 0 if i ^ j . The assumption that Z is fixed presupposes that a 
nonsystematic variations come only through the error terms. The rank 
condition guarantees that an inverse of the cross products of the 
elements of the matrix Z exists. 
The system of equations, however, is linked through cross correla­
tions across equations. If we combine equations (4-1) to (4-4) and 
(4-9) to (4-10), the system turns out to be a seemingly unrelated 
regression model. And the whole equation can be condensed in a form as 
where 
C = Z6 + U = Block Biag (Z^, Z^, Z^, Z^) 6 + u 
C = (4Txl) vector of dependent variables 
Z = (4Tx^^_j^K^) matrix of independent variables 
S = (y^ ,K.xl) vector of coefficients 
1=1 1 
U = (4Txl) vector of error terms. 
and 
where 
1 = 
E(U) = 0 
v(u) II o ©^t 
~11 °12 °13 "l4 
°2l °22 °23 "24 
°31 °32 "33 °34 
^1 ^^ 42 "43 "44 
(4-12) 
(4-13) 
(4-14) 
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Equation 4-14 represents the variance-covariance matrix for the errors 
associated with the system of equations in 4-12. As long as the off-
diagonal elements are nonzero, a seemingly unrelated procedure can 
improve the precision of the coefficients. Estimates based on ordinary 
least squares procedure are unbiased and consistent. But they are not 
efficient as they fail to incorporate all available information. 
The two procedures—OLS and EGLS—can generate same results under 
two situations. Situation one is when no more cross correlations exist 
across the equations, a..=0 V.,.. The second is when there are 
ij i?j 
identical independent variables in all the consumption equations (for 
proof, see Kementa, pp. 521-523). The latter argument will be used as a 
basis for the estimation of preliminary single equations. 
If some of the independent variables have to be predicted using 
instruments, the estimation procedure involves three steps. First, the 
appropriate instrument that is highly correlated with the endogenous 
variable has to be selected and estimated in accordance with equations 
(4-5) to (4-8). This removes the problem associated with the consistency 
of the estimates. Second, if the elements of the covariance matrix, Z 
are unknown, their estimates are generated from ordinary least squares. 
Finally, the parameters of the structural equations are estimated using 
estimated joint generalized least squares procedure (EGLS). 
In the case where the structural parameters are nonlinear, the model 
can be written in a form as 
C = f(Z, 0) + U (4-15) 
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where f is nonlienar in Z and 0 and is continuous with a continuous first 
and second order derivatives. One of the methods that deals with the 
estimation of such model is to linearize the function at a particular 
parameter value, say G. The Gauss-Newton procedure assumes G is the 
estimator of ordinary least squares. Using the Taylor series expansion 
around Q , the linearized form of Equation 4-15 becomes 
f(Z, Q) = f(Z, G) + [^q] (0 - 0) + R (4-16) 
Suppose the matrix of derivatives is defined by H. Then equation 4-16 
can be condensed in a form as 
f(Z, 0) - f(Z, 0) = H(0)(0-0) + e 
W(0) = H(0)(0-0) + e (4-17) 
where W(Q) = f(Z, 0) - f(Z, 0). 
The Gauss-Newton computation procedure starts with the specification 
of the initial vector of coefficients, 0. It then updates the 
covariances matrix, Z(l). Using Z(l), it reestimates the vector of 
coefficients, 0(1). Using 0(1), it updates again the matrix 1(2) and 
then repeats the iterations. The number of iterations depends on the 
step length and the specification of the covergence criteria. It comes 
to an end when no further reduction can be made in the error sum of 
squares. 
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Specification of variables 
The consumption equations are all estimated in expenditure form. 
That is, the dependent variables in equations 4-12 are computed in value 
terms. In the case of the main cereal crops, the variable measures 
both the cash purchases and imputed own consumption. For the rest of the 
commodity groups, i.e., purchased foods (Cp), clothing (C^), only their 
cash purchases are considered. 
The net household income is measured as an aggregation of the 
outlays on the four basic commodity groups. This is assumed to be given 
exogenously to the farm households. This measure of net income has a 
potential to introduce an endogeneity problem in the estimation 
procedure. But, with the exclusion of the infrequent and nonrepresenta-
tive items, the problem is believed to be minimized. 
A price data for selected commodities is given in Appendix D. These 
prices are unweighted annual retail prices that prevailed in market 
places around the study villages. One may possibly accept the assumption 
that the farmers in these villages face the same prices. But this may 
not be necessarily the case in undeveloped market environment. Here, the 
actual prices which an individual faces depends on personal ties between 
the trading parties and the bargaining skills of the individuals. Thus, 
it is possible for prices to vary across the households. 
Because of such possible variations in prices across the households 
in all the study villages, we tested their significance using a simple 
technique of analysis of variance (ANOVA). The prices for each household 
was obtained through the decomposition of the value data into price and 
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quantity component. The prices for cloth and footwear were not properly 
identified. So, we omitted this particular vector of prices. For 
purchased foods, the household specific prices for coffee and salt were 
aggregated. The value share of each item was used as weights. In the 
case of cereals, only the prices of the dominant crops were compared. 
The analysis of variance indicates that price variations are not 
significant for main cereal crops (F=0.91). The only variations that are 
evident are for purchased foods (F=13.56). The coefficient associated 
with the regional dummy (-0.62) is significant at a=0.01. This suggests 
that the average prices are lower in Shashemene villages. This is the 
only price one may assume to vary across regions. But, given the smaller 
share of these in total purchases, its impact on consumption behavior may 
be limited. 
Because of the absence of strong price variations across the study 
villages, the analysis of demand system reduces to Engel equations. The 
income variable takes a central role in the discussion of consumption 
income relations. 
Other noneconomic variables that may have an influence on consump­
tion practices are demographic variables (family size, sex, age, etc.) 
and cultural differences. The variable family size is standardized for 
food consumption equations in terms of male consumption unit. The 
effects of age and sex on food consumption are washed out by weighting 
each member of a family unit as a fraction of the consumption intakes of 
an adult male over 15 years. The ratios (0.9 for adult females over 15, 
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0.7 for male child under 15, and 0.6 for female child under 15) are 
obtained from the report on rural consumption survey in Ethiopia. 
In order to capture the differences in the physical environment of 
the regions and associated variations in consumption habits, a location 
dummy variable is used in the consumption equations. It is expected that 
such a variable picks up the systematic influence of these factors on 
consumption practices. 
Preliminary Results 
The estimation of separate consumption equation is carried out on 
the assumption that identical variables appear in all the system of 
equations (equation 4-12). This allows us to use the ordinary least 
squares (hereafter OLS) procedure in the subsequent single equation 
estimations. The procedure involves three steps. Step one is to 
identify the candidates of functional forms that fit the data set. A 
more general approach known as Box-Cox transformation procedure (6) will 
be used as a preliminary device to discriminate the functional forms. A 
cursory description of the estimation and testing procedure is given 
below.The second step is to test if there is a statistical basis to 
pool the cross-sectional data across the two regions. Here, we use the 
Chow test (9) for equality of the coefficients across regions. Finally, 
the equation is estimated using the appropriate estimation procedure. 
Food (cereals) consumption equation 
The most common functional form that were used in previous studies 
were linear, quadratic, double log, semilog and log inverse. To identify 
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a preliminary form among these candidates, the Box-Cox procedure was 
applied on food equation. 
Cp(X) = Zp(X)B + Up (4-18) 
where is Txl vector of expenditure on cereal consumption, is a TxK 
matrix of predetermined variables and X is the transformation variable. 
The log likelihood functions attained its maximum at -395.15 where the 
corresponding value of the transformation variable was zero (X = 0). 
Using this as a general form, we applied a likelihood test for linear 
(X=l) and semilog function (X=0 for and X=1 for Z^). In both cases, 
we failed to reject the double log as a better representation of the data 
set. 
Before the estimation of the final equations, we checked for the 
Chow test for equality of slopes across regions. To accomplish this 
test, we first compared the variances of the equation across regions. 
The equality of variance hypothesis was rejected at a=0.05. This result 
suggested a generalized least-squares approach (EGLS), Each variable was 
weighted by the appropriate covariance elements. We then tested for 
equality of coefficients across regions. This involves a comparison of 
two equations; one estimated under equality of parameters (reduced model) 
and the other under nonhomogeneity assumption (full model). The test (F-
1.30) indicated that there was no sufficient basis to accept the full 
model. So, the data were pooled in the final estimation process. 
148 
The final equation in log form is given in equation 4-19. Except 
for the intercept terra, all the variables are significant at least at 
oe=0.01. Food consumption is positively associated with net farm income 
InC = 19.45 4 
(9.61)* 
0.21 In N 
(0.05)** 
0.87 In E - 11.16 D 
(0.06)** (3.62)** 
(4-19) 
MSE = 0.0187 F = 3693.15** 
* Significant at a=0.05. 
** Significant at cp=0.01. 
(E) , and size of family members (N). The incremental response is less 
than proportional for both variables. The inelastic demand for food is 
in general consistent with the consumption of food products. But results 
are not in general conclusive in regard with the effect of family size. 
A one percent increase in family size, according to equation 4-19, 
increases food consumption by 0.21 percent. One possible and plausible 
explanation is that there is some degree of economies of scale in food 
consumption. The coefficient associated with the dummy variable (-11.16) 
suggests that the average percentage of food consumption is lower among 
the farm population in Shashemene villages (D=0 for Dangella, D=1 for 
Shashemene). This is consistent with the findings in the previous 
chapter. 
Consumption equation for purchased food 
As a preliminary process, the value X was estimated using the 
likelihood procedure. The maximum (1254.29) occurred at X = 0.0. A test 
2 for linear form was rejected (X = 27.12) at probability level 0.05. At 
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least, from a pure statistical basis, the linear form appears to be 
inadequate representation fo the functional form. 
Next, the consumption function was estimated separately for each 
region. A comparison of their respective variances (F=3.02) suggested 
the existence of significant variations. Using an estimated covariance 
matrix with values of the square root of the variances as diagonal 
elements, the data matrix was transformed. Then, a full and reduced 
model were fit to test for nonhomogeneity of the slopes across the 
regions. The result (F=1.35) indicated homogeneity in the slopes. Thus, 
the data were pooled across regions in the final estimations. 
Even though the transformation test suggested a log form, we 
compared the estimates from log and linear form. The comparisons were 
strictly on the adequacy of the model, the significance of the individual 
coefficients and the theoretical plausibility of their associated sign. 
The linear form showed stronger results in characterizing the consumption 
practices. 
C : 9.65 + 0.06E + 0.92N - 14.51D (4-20) 
^ (5.72)* (0.01)** (0.96) (3.65)** 
0^=1.06 R^=0.87 F=100.96** 
* Significant at OF=0.10. 
** Significant at 0=0.01. 
The specification of the model is adequate (F=100.96) in explaining the 
linear effects of the predetermined variables on food purchases. Farm 
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net income plays a significant role in explaining the systematic varia­
tions in food consumption behavior. Family size has the expected 
positive sign but the coefficient is not significant and hence it has a 
weaker influence on consumption decisions. The regional binary variable 
(D=0 for Shashemene D=1 for Dangella regions) picks up strongly the 
differences in average spendings across the households in these regions. 
The higher mean expenditure in Shashemene may be attributed to the 
practice of a higher consumption of stimulants (chewing Chat, coffee, 
etc.) among the moslem population. This is consistent with our tentative 
results in the descriptive chapter. 
Consumption equation for clothing 
The preliminary estimates for the transformation variable indicates 
that the maximum likelihood (-309.80) occurs at X=0.05. Both the tests 
2 2 for linear (x = 42) and log form (X = 66.4) were rejected as 
alternative forms. 
A test for differences in variance across regions also failed 
(F=1.06). Assuming thus an equal variance, a chow-test was carried on 
homogeneity of the slopes. The test was not strong (F=1.01) to suggest 
the existence of diffrences in slopes. But, like the other estimates, a 
binary variable was included in the estimated equations. 
Even though the data suggested a more general transformation at 
A=0.50, we rather estimated the linear and the log forms. Based on the 
evaluation of the signs and the values of the coefficients, the linear 
focus was found stronger than the log equation. The negativity of the 
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C = -38.77 - 7.23N + 0.20E + 43.86D (4-21) 
(13.96)* (2.82)** (0.03)* (8.30)* 
0^ = 831.18 F = 18.48* 
*Significant at 0=0.01. 
**Significant at ot=0.05. 
intercept suggests clothing is a luxury type of item. For luxury items, 
it must be that MPC exceeds the APC. With minimum bound of zero for MFC, 
it must be the case that the APC is negative for the ratio to have a 
minus sign. The negative sign of the intercept term implies the average 
expenditure is below zero and hence the goods are income-elastic. The t-
coefficient for adjusted family size is significant at probability limit 
0.05. The sign indicates an inverse relation between family size and 
cloth consumption. This is somewhat hard to interpret. The income as 
well as the regional variables have positive effect. The signs are con­
sistent with our expectations. For the regional variable, it implies the 
average expenditure on clothing is higher in Shashemene villages as 
evidenced in Chapter 1. As a whole, the model is adequate (F=18.48) and 
the estimated variables are reasonably acceptable. 
Estimation of Linear Expenditure System (LES) 
The preliminary estimates of Engel equations suggest that the linear 
form provides more plausible results. And, as will be shown, the simple 
linear equation is a special case of the linear expenditure system. Both 
are derived from a maximization of a well-behaved preference structure. 
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Hence, the observed results are testable on the basis of the theoretical 
postulates of a demand system. 
Structural model 
Even though the linear expenditure system can be derived from alter­
native constructs of utility function (see footnote 11), a more 
conventional approach is a direct maximization of Stone-Gary utility 
function (footnote 11). The structure of the utility function assumes 
that an individual has nonzero committed quantity on at least some of the 
consumption goods. This imposes a regularity condition on the 
parameters. One, for the function to be defined, the total demand for 
good i exceeds the quantity that is committed (T\). Two, the regularity 
condition and the nonsatiety assumption imply that the marginal expendi­
ture coefificent (au) be strictly positive. With these restrictions, the 
resulting demand system satisfies the homogeneity, symmetry and Engel 
aggregation conditions. 
a. a. 
(4-22) 
1 1 
where 
q^ = consumption demand for commodity i, 
= committed quantity of commodity i, 
E = total expenditure. 
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A more common presentation of the estimatable equations is in 
expenditure form as 
C. = P.q. = P.Ï. - a.^P Y, + a.E i = 1, . . 4 (4-23) 
1 1^1 11 1^ k k 1 
where 
= expenditure on good i (i=l, . . ., 4), 
a^ = marginal budget share of good i. 
Because of lack of observed data on subsistence quantity committed 
to the specified consumption goods, a translation procedure of the form 
described in equations 4-5 through 4-8 was introduced in the system of 
expenditure equations (equation 4-23). It is assumed that the indi­
vidual's commitment to a specific quantity of particular goods is 
directly proportional to family size. Assuming the relation is linear in 
form, equations 4-5 through 4-8 were rewritten in a form as 
7. = a. + a.N (4-24) 
1 10 1 
where is Txl vector of preallocated quantity of commodity i and N is 
Txl vector of adjusted family size. If one can assert the existence of 
economies of scale, the linearity postulate can be challenged. But for 
simplification we propose to proceed with the linear specification. 
Once the unknown parameters, Y^'s, are interpreted in a form as 
equation 4-24, the final expenditure equation can be written as 
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C. = ot. (l-a.)P-- a. y a. P. + a. (l-a.)P.N 
1  l O  1 1 1  J O  J  1  1 1  
- a.N y a. P. + a. E 
1 J J 1 
(4-25) 
or, in a matrix form as 
C = ap + g z + <SE (4-26) 
where 
C = a = 
'*10 ^ 2 
-«10 *3 
*20^ 1 
=20(l-*2) 
"*20*3 
-*30*1 
"*30*2 
030(1-33) 
P = 
B = 
*l(l-*l) 
-*1 *2 
-*1 *3 
- *2*1 
OgCl-az) 
-*2*3 
-*3*1 
-*3*2 
«3(1-33) 
Z = 
P^N 
P^N 
P3N 
The matrix a represents the vector of intercept terms. The parameters 
associated with the slopes of normalized family size are given in matrix 
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B. 5 is a vector of marginal expenditure parameters. All the parameters 
enter the system of expenditure equation nonlinearly as postulated in 
equation 4-15. But, the predetermined variables—P (the vector of 
purchasing prices of consumption goods), Z (the vector of price weighted 
family size) and fixed net household income (E)—are all in linear form. 
Another feature of the model is that the same variables, i.e., P, Z and E 
appear in each of the equations. This entails a need for restriction on 
the consistency of the estimated coefficients across equations. 
Estimation and results 
The final equations as presented in equation (4-26) consists of 
three independent equations and nine structural parameters (3 V s, 
3 a^'s and 3 a^'s). If we ignore the nonlinear structure of the 
parameters and write each equation in linear form, we will have 21 
reduced form coefficents. And, rewriting the reduced coefficient in 
terras of the structural parameters, more than one value can be identified 
for each parameter. The model is thus over identified. This allows us to 
ignore some of the reduced coefficients in the estimation process. 
One possible instance where we used this technique was when we 
applied zero-coefficient restriction. As we went through the screening 
of the variables in an attempt to find the best fit for the expenditure 
equations, some of the parameters that were tested to have no significant 
influence on consumption were set to zero. The preliminary estimates 
discussed above were used in identifying these variables. 
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Because of the application of the zero-coefficient restriction, the 
equivalence of OLS and Zellner seemingly unrelated procedure was not 
assumed. This was because all the consumption equations did not have 
identical predetermined variables. Therefore, a more efficient procedure 
was to estimate jointly all the equations. And, because of the non-
linearity in the parameters, a technique of a nonlinear seemingly 
unrelated equation was used to estimate the linear expenditure function. 
Specifically, a Gauss-Newton iterative procedure was used throughout the 
estimation process. 
The final estimates of the parameters for the linear expenditure 
system are given in Table 4-1. 
Table 4-1. Estimated coefficients of linear expenditure system 
Commodity group Parameter Estimates t-Coefficient 
Food-cereals 24.28 0.18 
79.53 2.78 
a^ 0.59 16.67 
Purchased foods 32 0.09 9.34 
Clothing dgQ 2.21 3.08 
d 0.43 2.48 
a^ 0.11 6.49 
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Using the estimated coefficients, we can write the estimated 
translation equations as 
Y = 24.28 + 79.53N 
(138.63) (28.60)* 
(4-27) 
Tt = 2.21 + O.llN 
(0.72) (0.02)* 
* Significant at a=0.01 
The translation equation for food consumption suggests an equipropor-
tional relation between subsistence consumption (Yp) and normalized 
family size. And the marginal increment (a^=79.53) implies a substantial 
allocation of foods to the subsistence level for every addition of adult 
equivalent member. This phenomenon may be indicative of a strong commit­
ment of the farms to a subsistence goal. In the case of purchased foods, 
family size has no significant influence on the purchase of the 
constituting items. On the other hand, an increase in family size is 
associated with a nonproportional increase in committeed funds to 
clothing (Y^). Contrary to the results we obtained in the preliminary 
analysis (equation 4-21) , this suggests that farmers do respond with a 
positive basic demand for clothing as the size of their family 
inc reases. 
The effect of a change in family size on total expenditure of a 
particular commodity group (C^) cannot be directly inferred from what 
happened to the signs of the slopes (a^'s) of the translation equations. 
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A change in family size, given the level of income, leads to reallocation 
of consumption bundles. An increase in one must be compensated with a 
decrease in others to maintain the level of income unchanged. 
ac. 
- = P . a .  -  a .  I  P,  a ,  =  ?  ( 4 - 2 8 )  
3N i i L " k k 
The vector of marginal expenditure coefficients, i.e., 
5' = [0.59 0.09 0.11] indicates the relative importance of the 
commodity groups in the household's budget allocation. Cereal food 
consumption, the dominant consumption group, has a marginal share of 
0.59. For purchased foods, the marginal budget shares is 0.09. The 
share for clothing is .16. The level of income is the main variable that 
explains the variation of this group of commodities. The two food 
groups—cereals and purchased foods—constitute about 70 percent of the 
farmers' net income. 
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CHAPTER 5. A RECURSIVE PRODUCTION-CONSUMPTION 
FARM HOUSEHOLD MODEL 
latroduction 
One of the key inferences that is drawn from the discussion of the 
theoretical models is that the form of interactions within a household 
cannot be identified a priori without a knowledge of the existing market 
conditions. In a case where labor market is an active integral component 
of the market system, a recursive form is generally assumed to character­
ize the decision making process. But, as Lopez (28) demonstrated, this 
may not necessarily be the case even if labor markets exist. And when 
some of these markets are regulated and/or absent, the basis for an 
assumption of a recursive form diminishes. One has two choices under 
these circumstances. First, to estimate as if the decisions are simul­
taneous. This is a more comprehensive approach because it also embodies 
the recursive form. Then, second, to take a particular form a priori and 
test the validity of the results. The choice of the two approaches 
depends on the degree of knowledge that each contributes to the under­
standing of the economic behavior of farm households and the available 
data base. 
Our approach here is to take the second alternative, i.e., to assume 
a recursive form as the dominant feature of the decision making process. 
Like most of the studies, the decision flow is assumed to be unidirec­
tional, that is, it goes from the production side via income equation to 
the consumption component of the unified system. The validity of this 
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assumption is measured in terms of its regularity and consistency of the 
prediction of behavioral responses. 
As an attempt to illustrate the methodological significance of the 
recursive interaction process, we will simulate the production and con­
sumption models by introducing selective policy changes. For this 
purpose, two policy options are considered as sufficient. One, it is 
assumed that the farmers are a beneficiary of a recent land reform 
program. The government, as an attempt to relax the land constraint, has 
introduced a program that allows individuals to have usufruct rights to 
land. Two, the government practices a price support program as part of 
its policy to encourage the production of specific crops. For the 
discussion here assume the support prices are higher than existing 
prices. Even though both policies can be introduced simultaneously, they 
are assumed to be introduced at different periods of time. Also, one may 
extend the policy scenarios by bringing more policy changes. For 
example, one can introduce alternative techniques of production or tech­
nology in conjunction with or separately from the other policy options. 
But, since our goal is limited to show the usefulness of the methodology, 
no more than two policy variables are discussed. 
The simulation procedure, which is essentially a comparative static 
in nature, is repeated under alternative market conditions. Each inter­
vention policy is compared under four different alternatives; restricted 
labor market with limited own equity capital (Situation 1), restricted 
labor market with an option for capital borrowings (Situation 2), active 
labor market with limited own capital (Situation 3) and active labor 
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market with an option for debt capital (Situation 4). The simulation 
results are compared in terms of their impact on net farm income, crop 
mixes, resource uses (mainly land and labor), and consumption patterns. 
For the production component of the simulation process, the basic LP 
models that represent pure income maximizing households are used. 
Because no additional knowledge can be gained by repeating the simulation 
techniques to farms that share similar farm characteristics, not all the 
representative farm households in all the four villages are included. 
Only two representative farms are selected; one from Dangella area 
villages as a representative of all the villages (Abella and Upland 
Shasheraene) that grow both the cool weather crops (teff, barley, or 
wheat) and the warm weather crops (corn or millet), and the other from 
lowland Shashemene to represent those who grow primarily a single warm 
long maturing crops (corn, millet or sorghum). These farms, as one may 
recall, demonstrate reasonable variations in their resource uses and 
income generating capacity. 
Land Allocation Programs 
Assume that there is a felt need to relax the limiting effect of 
land shortage on farm production. The government has introduced a land 
reform program that calls for a distribution of land to all working 
families. The maximum per individual family is set at ten hectares. For 
simplicity, assume these representative farmers are the beneficiaries of 
the reform program. 
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Production responses 
Dangella area farm The net farm income at all land sizes is 
lower under no labor hiring situations. Within the class of a no labor-
hiring option, a farmer that cultivates less than 3.7 hectares of land 
with own capital of less than Ethiopian 100 Birr (hereafter the currency 
is referred to simply as Br.) earns lower income than one who has an 
option to borrow finance capital at 9 percent per year. At 3.7 hectares, 
financed capital is not a binding factor on income generation. 
Increasing income possibility thereafter is constrained by the 
availability of labor. 
The variations in the levels of farm income are a direct outcome of 
the changes in crop mixes. The farmer, as a pure income maximizer, 
adjusts the crop composition towrds highly valued crops like teff. When 
the farmer is confronted with an option to hire-in human labor (assumed 
at 0.30 Br./hour), it produces only teff. This remains at all land sizes 
regardless of the availability of financial capital. When the option to 
hire-in labor is taken out, the farm rationalizes the use of labor and 
capital through selective crop mixes. It starts with the production of 
teff crop. Then, as labor of a particular month becomes a constraint, it 
introduces crops that use intensive labor of less competing months. To 
the extent that the available capital allows, the producer rationalizes 
the scarce labor through a diversification of crops. 
Because of the linearity assumption of the technical coefficients of 
the LP model, the size of land is indeterminant for a farmer who enjoys 
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from land distribution program coupled with access to both labor and 
financial markets. This, of course, assumes that the individual has no 
influence on market prices. If the individual, however, is limited to 
own equity capital, the size of land in use becomes proportional to its 
equity position. A farmer, for example, with an equity capital of Eth. 
50, 70 and 100 Br. can cultivate a maximum of 2.5, 3.5 and 3.72 hectares, 
respectively. For the same levels of capital, the corresponding land 
size is lower when the labor-hiring option, in addition to capital 
market, is restricted. This holds even when the opportunity for debt 
capital exists. 
Likewise, the utilization of labor varies depending on the 
particular situation under consideration. When labor and financial 
markets are accessible, the farmer not only hires-in but also can 
possibly hire-out its labor during slack months. Its decision depends on 
the assumed market wage rate. When the oppotunity cost on own farm labor 
exceeds that of the wage rate, it hires in farm labor. This is what the 
farmer does for December labor under both capital market assumptions. 
But under the no labor market situation, the farm attempts to rationalize 
his own labor uses. Its utilization arises depending on the availability 
of capital and crop mixes. For example, a farmer with a capital of Eth. 
70 Br. (regardless of its source) chooses a crop mix that utilizes all 
the labor in December and July months. As the level rises to Eth. 100 
Br., the composition of the crops shifts in such a way February labor is 
also wholly used. Beyond 3.7 hectares of land a further rationalization 
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of labor uses requires a change in the types of crops that are assumed to 
be grown in the villages. 
A lowland Shashemene farm The pattern of the income stream is 
again associated with the mix and share of individual crops. For a small 
farmer (below 2.0 hectares) who starts with own capital of 30 Br., the 
opportunity cost of both own labor and equity capital is lower than the 
assumed market prices. Hence, only own labor and capital are used. The 
existence of labor and capital markets has little influence on the com­
position of crops. But, the need for hired labor becomes detrimental to 
income earning possibility if own equity capital is set at 50 Br. In 
fact, the farmer with such capital base but with no opportunity to hire 
labor can use only 40 Br. to reach the maximum possible income—544 Br. 
The farmer cannot use all the excess capital due to the shortage of June 
and September labor. A switch to the labor hiring option with the same 
level of capital (50 Br.) allows to raise its net income to 619.5 Br. 
Any additional increments in capital (Table 4.1) expands the earning 
opportunity of the representative farmer. 
The crop mix takes a distinct pattern beyond 2.3 hectares of land. 
The small farmer attempts to raise a combination of corn and peppers. 
Green peppers is a relatively highly valued crop. But at the same time 
a most labor intensive crop. Small farmers try to take advantage by 
putting into use their relatively endowed input—labor. But, as land 
size increases and the farmer participates in the resource markets, 
growing green peppers becomes less profitable. The crop mix shifts 
toward growing corn and late season potatoes. These two crops are 
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equally valued and largely complement in their labor uses. But the share 
of potatoes gradually falls as the farmer acquires more land (above 2.8 
hectares) and financial capital (above 50 Br.). The difference in land 
productivity and hence the income earnings per hectare makes growing corn 
a more attractive alternative to income-minded farmers. 
Because of the complementary nature of the inputs, the size of land 
under cultivation depends on the availability of labor and capital and 
their respective unit cost. When land allocation is accompanied with an 
opening of resource markets (both labor and capital), the economic size 
of the farm becomes indeterminate. In the case where the limit is set by 
institutions (like 10 hectares in our case), the administrative ceiling 
sets the maximum operational size. If we allow the operation of labor 
market but introduce a quantitative form of capital rationing, land size 
becomes dependent on the available amount of capital. This is demon­
strated in Table 5-1 under the regime of labor hiring option. A decrease 
in capital from 70 to 50 Br. is associated with a decrase in the size of 
land under cultivation from 3.76 to 2.76 hectares. When the optional 
labor market is ruled out at the same time, the size of land drops 
further even for the same level of finance. 
The same phenomenon is apparent in the utilization of labor. In the 
absence of labor hiring option, it sets a limit in the choice of produc­
tion alternatives. Given the selection of corn and potatoes at K=50, 
June and September labor shows a shadow wage rate that exceeds the 
assumed market wage rate. As the farmer is allowed to hire in labor, the 
shadow wage rate is equivalent to market rate for the months for which 
Table 5-1. Parametric results of laud distribution program on production model^ 
Dangella Area Lowland Shashemene 
Hired Labor 
tto Labor Market— - Labor Market-(Optional) -ffe Hired Labor- - -(Optional)— 
k=50 k=70 k=100 lc=50 WO k=100 K=30 K=50 K=30 K=70 
levels of Capital (Br) 
A. Iteimand Value 
(Eth. Birr) 496.22 566.81 60.98 575.24 768.46 808.77 390.92 544.04 619.46 710.01 
B. Land Uses 2.35 2.89 3.68 2.50 3.50 3.72 1.58 2.27 2.76 3.71 
Teff 1.78 1.78 1.78 2.50 3.50 3.72 
Barley 0.17 0.71 1.50 — — — 
Com 0.40 0.40 0.40 — — 1.33 1.85 2.32 3.35 
Itepper 0.24 — — — 
Rjtatoes (late) — 0.42 0.44 0.36 
C. Labor Uses 
(VMP) 
May 
..June 
July 
August 
September 
0.02 0.02 0.25 
0.06 
1.90 
0.45 
0.30 
0.30 
0.05 
0.30 
0.30 
0.30 
0.30 
0.30 
0.11 
December 1.02 1.02 1.12 0.30 0.30 0.30 0.30 0.30 
February 0.0 0.79 
D. Debt Capital 
(VMP) 0.0 3.53 0.0 9.66 9.66 9.66 0.0 0.0 6.14 4.24 
® Source: LP runs. 
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hired labor is used. Because of the concentration on corn production, 
the labor months that heavily demand for its production are augmented 
with hired farm labor. These are June, Jily and August in the main rain 
season and December in the dry season, inere is a tendency for the 
distribution of labor to concentrate in the wet months as farm size 
increases. 
Consumption responses 
A distribution of land accompanied with an upward increase in land 
holdings is likely to expand the income opportunity of a farm household. 
Its effect on consumption decisions is transmitted through the full 
* 
income equation, i.e., Y = H + V. For the case of the linear 
expenditure system, the form of the relation can be written as 
+ a^E. i=l, ... 4 (5-1) 
where the consumption response in elasticity form is 
3C^ ^ E aE n 311 A 
IT T" "SF" CTMea" n 
1 1 
(5-2) 
V lA 1 
where is consumption elasticity of commodity i, A is a size of land 
i 
and is the average consumption share of commodity i. For our purpose, 
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V is assumed to be equal to zero so the second term in equation 5-2 
is unity. Equation 5-3 states that the effect of land distribution on 
consumption response depends on three parameters; marginal budget share, 
average budget share and the sensitivity of the response of net farm cash 
income to change in land size. For our purpose, the average budget 
shares (ct's) are taken from the summary budget tables in Chapter 1 (Table 
1-17 for Shashemene and Table 1-18 for Dangella). The marginal budget 
shares (a's) are obtained from the estimates of the linear expenditure 
system (Table 4-1). The profit elasticities are computed using a simula­
tion of the pure income maximizing LP model (Chapter 4). Because of the 
discrete nature of the simulation process, the responses are calculated 
as arc elasticities. 
The consumption elasticities with respect to land are lower for all 
commodity groups in Dangella villages as compared to Shashemene villages. 
This is mainly related to the difference in profit elasticities; 0.58 and 
0.90 for Dangella and Shashemene, respectively. When the consumption 
elasticities are veiwed by commodity, the addition of land has greater 
impact on the consumption demand for purchased foods. A one percent 
increase in cultivable land generates a 1.2 and 0.87 percent increase 
in purchased foods in Shashemene and Dangella, respectively. The other 
commodities (clothing and food crops) respond positively but at less than 
proportion to the change in land size. 
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Table 5-2. Selected income induced consumption elasticities 
With Dangella Shashemene 
Respect Food- Purchased Food- Purchased 
To Cereals Foods Clothing Cereals Foods Clothing 
Land (A) 0.53 0.87 0.64 0.84 1.16 0.79 
Price 
Teff 0.85 1.41 1.03 
Corn — — — 0.96 1.31 0.94 
These elasticities suggest that distribution of land has stronger 
demand effect on purchased foods. And, because of the subsistence nature 
of the farmers, the demand for food crops rises substantially also. In 
fact, it rises at comparable rates as the consumption demand for 
clothing. Also, the magnitude of the elasticities suggest that the 
responses are stronger where there is a stronger integration with a 
market economy. This is consistent with the observations that farmers in 
Shashemene who have a higher market participation tend to respond 
strongly to the reform program. 
Price Support Program 
Suppose the government designs a price support program that is 
intended to encourage the production of teff in Dangella area and corn in 
Shashemena villages. Given the existing distribution of land holdings, 
the program is intended to induce the farmers to adjust their production 
pattern towards these crops. We trace their responses by allowing a 10 
percent increment in the prices. 
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Production response 
Dangella farm The representative farm cultivates 2.34 hectares 
in a crop year. This is assumed to be fixed. We also expect that it 
puts aside 50 Br. per year to meet its operational costs for crop produc­
tion. Any additional capital is obtained through the financial markets 
at a cost of 9 percent per year. 
Suppose the farm has no labor hiring option. Then, its capacity to 
generate farm income depends on the available capital and the flexibility 
in crop composition. If we ignore for the moment the option of capital 
borrowing, the farmer makes a net income of 547 Br. per crop year. All 
the equity capital is exhausted in growing teff, barley and corn. As the 
option for borrowing is allowed, the net income rises to 568 Br. This is 
because of a shift from three-crop to two-crop combination. The labor 
that is freed from corn production is switched to growing teff and 
barley. 
With the addition of the opportunity to hire labor, the farm manages 
to increase its net income to 611 Br. This is primarily due to shifts 
towards growing the most valued crop, teff. By dropping barley, a crop 
that demands for a relatively higher financial capital, the farmer raises 
his net income as well as cuts his financial cost. 
The most limiting factor, as may be evidenced from the shadow price, 
is farmland. Next is the availability of labor. Specifically, the labor 
for December is the most constraining for the expansion of teff land. 
The shadow wage for this labor was higher than the assumed market wage 
rate. The labor hiring option is mainly used to augment the labor for 
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this critical month. This is, of course, reflected in a movement towards 
growing teff crop. Capital, assuming 50 Br. is not an overestiraation, 
plays a minor role compared to land and labor constraints. 
Shashemene farm For a farm starting with 1.58 hectares of 
cropland and 30 Br. in the form of equity capital, the floor on corn 
prices can bring an annual net cash income of 465 Br. Even though corn 
is the main crop, the farmer grows green pepper as a supplementary crop. 
Both capital and land are fully used. But land, compared to the 
financial capital, imposes a stronger constraining effect on the income 
level. 
The income level shows a slight increase (470 Br.) in the presence 
of capital market. But, the crop mix is now limited to corn. The 
possibility of borrowing capital encourages the farmer to move towards 
the crop that is under the government support program. 
The existence of labor hiring option is not relevant to a farm 
cultivating less than 2 hectares of land. None of the family labor in 
all the months is utilized to their limit. So, the introduction of the 
option for labor market has no effect on income, crop composition and 
resource uses. 
Consumption responses 
Because of the nonvariability of cereal prices across the villages, 
the only way that product prices influence consumption decisions is 
through the income equation. The response depends, as shown in equation 
5-3, on three components; marginal budget share, average budget share. 
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and the elasticity of net cash income (H) with respect to price of food 
crop. 
For Dangella farm, as shown in Table 5-2, the effect of an increase 
in price has stronger impact on consumption of purchased goods and 
clothing. For these two commodities, the consumption elasticities 
suggest that their demand rises more than proportioned to an increase in 
food price. The consumption elasticity for food is less than unity, 
0.85. A one percent increase in income associated with a price change 
induced 0.85 percent in consumption of food crops. 
The pattern is similar in Shashemene in regard to purchased foods. 
The demand for this group of commodities is income elastic. But, in the 
case of subsistence food crops and clothing, the elasticities are both 
less than unity. A less than proportional increase in consumption of 
subsistence food crops suggests that farmers are likely to respond 
positively to market supply. 
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Table 5-3. Parametric results of price support program on production 
model^ 
Dangella Area lowland Shashemene 
NJ labor Market % Labor Market 
—Labor Market— - Optional - —Labor Market— - Optional -
Equity Debt Equity Debt Equity Debt Equity Debt 
50 + 50 + 30 + 30 + 
Levels of Capital (Br) 
A. Maximand Value 
(Eth. Birr) 546.60 568.43 611.00 465.02 470.37 470.37 
B. Land Uses 2J4 2.34 2.34 1.58 1.58 1.58 
Teff 1.79 1.83 2.34 
Barley 0.18 0.50 
Cbm 0.37 1.43 1.58 1.58 
Peppers 0.15 — 
C. labor Uses (VMP) 
December 1.20 0.87 0.30 — — — 
D. Capital (VMP) 3.42 0.09 0.00 3J4 0.09 0.09 
® Source: LP runs. 
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CONCLUSIONS 
The significance of the farm household model stems from the recogni­
tion of the endogeneity of the income equation in a household's utility 
maximization process. This arises mainly through the introduction of 
time both as a final consumption good and production input, and the 
incorporation of technology that characterizes a farm production process. 
The household functions as a microcosm of an economic system in 
integrating and coordinating the choice of production structure, resource 
mixes and the uses of income. The extent of the success of the coordina­
tion effort is dictated by the existence and prevailing conditions of 
output and input markets. Where such conditions are not in existence or 
limited in their operational capacity, the rules of subjective decisions 
replace the roles of market forces. The implications of these alterna­
tive market conditions on the forms of decision interactions and predic­
tion of economic behavior are the main themes of the discussion in the 
theoretical chapter. 
The analysis of the farm survey data identifies the main features of 
the decision making process among the Ethopian farm households. One, 
farm household makes an independent decision in regard to the choice of 
crop mixes that It desires to grow in a specific period. Two, the 
household furnishes the bulk of the required farm labor. The amount of 
labor that is available to a particular crop depends on the competing 
uses of time, the mix of crops, the quantity as well as quality of 
farmland, the type of technology and farm operations, and the timing and 
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distribution of rainfall. Such decisions are made in an institutional 
context where there is a limited opportunity for participation in the 
labor market. Three, given the size of land that is available at the 
disposal of a farm household, it decides on its distribution among 
competing uses. A great proportion of the land is often used in crop 
production. But the allocation among the competing crops is dictated to 
a large extent by ecological and subsistence food considerations. Four, 
the household combines these inputs—land and labor—with the existing 
farm techniques and technology to grow the intended crops. The output 
from these production activities forms the basis for the flow of farm 
income to the farm household. Finally, the family unit interprets the 
realized income into the consumption of basic food products and other 
household items. The combination of these production-consumption 
activities distinguishes the farm household as an economic entity that 
practices a unified decision making process. This forms the rationale 
for setting the analysis of farm households in a context of a unified 
farm household model. 
A separate analysis of the production model examines the factors 
that are associated with the variations in the level of income. As 
pointed out in the discussion of the simulation of the crop models, this 
is largely a reflection of the choice of a production structure. The 
decision in regard to the choice of production mix is related in turn to 
the multiplicity of farm goals that the household pursues and the state 
of resource markets. When the goal of a producing household is strictly 
cash income maximization, it tends to cut the number of crops that it 
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grows and concentrates instead on selective highly valued crops. As 
evidenced in the discussion of the policy scenarios (Chapter 5), the 
shift towards a monocrop is more noticeable as the farmer is faced with 
an opportunity to participate in labor and land markets. But, if it is 
faced with a restriction on its access to the labor market, it responds 
with a change in the crop mix in an attempt to rationalize its labor 
uses. The absence of labor market sets a maximum on operational land 
size and influences the cropping patterns. 
Aside from the influence of the resource markets, the addition of 
other production goals to the pursuit of income maximization effort also 
forces the household to change its production structure. This is demon­
strated by comparing the crop mixes under alternative production modes— 
subsistence, nutrition and market modes. When the farmer finds it 
cheaper to produce crops that are essential to meet his other goals, he 
deviates from the income maximizing crop composition. A case in point is 
the practice of growing wheat crop in Shashemene (Table 3-5) to meet 
nutritional requirements. 
The significance of such variations in crop mixes is illustrated in 
relation to the level of cash farm income associated with alternative 
farm goals and market conditions. The discussion in Chapter 3 indicates 
the dominance of a market mode in terms of maximization of cash farm 
Income. But, as the farmers move towards the other goals, they change 
their crop mixes and, at times, cut in marketed output. Hence, the 
alternative goals generate a level of farm income much lower than the 
market mode. And when the market mode is taken separately as the only 
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goal and the farmers are simulated under alternative resource conditions, 
the income responses vary depending on the number of restrictions on 
market participation. Land reform programs, for example, raises the 
level of farm income (Chapter 5), But the increase in income is much 
higher where there exists an optional labor and financial market. A 
relaxation of restrictions permits a more efficient allocation of 
resources and an expansion in household income opportunity. 
The study on the uses of income invariably suggests that farmers 
pursue an ordered consumption goal. Because of the low level of income, 
their primary concern is to meet the subsistence needs of their family. 
Hence, not less than three-fourths of their farm income is spent on own-
produced and purchased food crops. The rest of their income is shared 
between clothing and over basic household items. Within this broad range 
of classifications, the individual household consumption outlays vary 
depending on the level of income, family size and the specific farm 
locations. 
The estimation and interpretations of the Engel equations in Chapter 
four assume that income is a given variable to the farm households. But, 
as evidenced in the analysis of the production models, income is an 
integral part of the household's decision undertakings. The household 
can influence its farm income by a systematic choice of crops and 
resource mixes. In order to elucidate the significance of such decisions 
on consumption behavior, income is endogenized in a recursive manner. By 
introducing a land reform program that raises the area of croplands, its 
impact on income and, consequently, on consumption responses are computed 
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(Table 5-2). Similar elasticities are also computed by allowing the 
prices of food crops to rise at fixed intervals. The results suggest 
that an integrated household model allows to trace the impact of changes 
in production parameters and in prices of own produced crops via the 
income equation on consumption behavior. But this is not evident in a 
situation where income is assumed as a datum to a farm household. 
A Venue for Future Research Study 
So far the study has identified issues related to the structure of 
farm decision process—separability, joinness and flexibility—and the 
factors associated with a variation in production patterns, resource mix 
and uses of income. To the extent that the data have permitted, some of 
these issues have been empirically established. 
The results, however, are tentative. The assumption of a recursive 
decision process has yet to be established as an appropriate character­
ization of a decision making process. Given the relevance of the 
nonlabor market model in the Ethiopian farm context, a more appropriate 
procedure would be to estimate simultaneously the production and consump­
tion models. This would require building a broad and reliable data base 
at the household level. Specifically, the data base should incorporate 
information on the flow of physical farm inputs and outputs, farm 
technology, alternative uses of time, (farm labor, off-farm labor, 
household labor and leisure), human capital variables (like farm origin, 
experience, literacy level), consumption and nutrition, commodity and 
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factor prices, and environmental variables (topography, climate and types 
of soils). 
Notwithstanding these precautionary notes, we recommend that any 
future research endeavor on the Ethiopian family farm economy should 
adapt and utilize the conceptual base of the farm household production 
model. It not only provides a useful insight into the understanaing of 
the farm economy, but also serves as a guide to develop sound analytical 
and policy models. 
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FOOTNOTES 
^Woreda represents the lowest administrative unit. 
2 Teff is a popular staple cereal crop. It is generally grown in 
highland temperate regions. 
^The figures are unadjusted for age and sex differences. Hence, 
they fail to take into account the differences in participation rates and 
productivity of farm production. 
^Labor hours are aggregated with no account for productivity 
differences due to age and sex differences. 
^Time devoted to farm related activities like marketing, wood 
collection, and household activities like meal preparations, food 
processing, and child raising are not included in the estimation of total 
family labor time. 
^If one accepts the supposition that young members (8-14 years) are 
less productive than the adult members, the proportion of time allocated 
to livestock herding is likely to be an overestimate. 
^The concept of family centers on the degree to which key decisions 
are centralized. A family is considered as independent if the main 
economic decisions are made within the unit. 
8 
Labor hours are aggregated with no account for productivity 
differences due to age and sex differences. 
9 . 
Time devoted to farm related activities like marketing, wood 
collection, and household activities like meal preparations, food 
180 
processing, and child raising are not included in the estimation of total 
family labor time. 
^^If one accepts the supposition that young members (8-14 years) are 
less productive than the adult members, the proportion of time allocated 
to livestock herding is likely to be an overestimate. 
^^This is derived from what is known in the literature as the Stone-
Geary utility function 
= 1"=! B. In (q^ -
But, as Lau and Mitchell (27) demonstrate, the linear expenditure systems 
can also be derived without making a priori knowledge of the direct 
utility function. They show that a homothetic transcendental logarithmic 
indirect utility function with a positive initial committed quantities 
(Y^ > 0) reduces to a linear system. 
12 Using the Gorman polar form of indirect utility function as a 
basis, Howe, Polek and Wales show that both the linear as well as the 
quadratic expenditure systems are generated from an indirect utility 
function 
where all the functions are continuous and positively homogeneous of 
degree one. Using the Roy's identity, the demand function linear in 
expenditure (E) is of the form 
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q.(P, E) = + f'(P) - f'(p) 
1 glPT g(P) 
If f'(P) = f(P) = and ~ then the equation for 
linear expenditure system becomes 
P.,i . P.Y. •,.(£-
Likewise, if the total expenditure enters in a quadratic terra, the demand 
equation appears as 
qjp, E) = -| [«. - (E-f(P)]2 + (E-f(P)) 
+ f'(P) 
The specific form of the quadratic function depends on the function used 
to define f(P), g(P) and a(P). If we adopt the same specifications as 
the authors, i.e., 
a. 
f(p) = IPJ^Y^ g(p) = 
aCP) = ÎP^C^ Î = 1 
then the QES becomes 
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p.,.  P.Y. * » (p.Cj-.Jp^ C^ ) IP^  " 
This is a more general case of the linear expenditure system. 
13 
From the equation for QES above, it can be shown that the marginal 
budget shares are functions of and E 
3(P.q.) -a 
—51  ^= a.  2(PJC^ - a. Ï P^C^) IIP^ (E -
^^The feasible set, /, is defined as the set of all feasible vectors 
/ = X la^X, + a^X. + . . . + a"x ^ b , X. > 0 
' 1 2 n < n' J — 
each of the sets, is assumed a compact, i.e., closed and bounded and 
convex set. The feasible set, /, is an intersection of these vector of 
sets and hence it is a compact convex polyhedral set. And when the set / 
constitutes no redundant equations and the X values corresponding with 
the linearily independnet columns, then it is defined as the basic 
feasible set. 
^^Given that / is a convex set, it is possible to find a supporting 
plane at its every boundary point. If the condition of boundness (]00) 
is maintained, i.e., no degeneracy problem then solution vector set, X^, 
corresponds to the corner points of /. The technique of a simplex method 
is to search among these corner points the one that optimizes U(X) = FX. 
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^^Using the general Box and Cox transformation procedure, the 
consumption function can be presented as 
where 
C.(X) = Z.(X)B + V. (16-1) 
1 1 1 
G. ( A) —1 
C.(X) = (16-2) 
Z. ( X) —1 
z (X) = (16-3) 
The random variable, V^, is assumed to be normally and independently 
distributed with zero mean and variance. Since equation 16-1 is a 
2 . 
nonlinear model is B, X and o^, it can be transformed into a likelihood 
function to estimate the unknown parameters. Assuming the normality of 
the error terra, we can write its distribution as 
V? 
1 
p(vle) =  ^ e 2a^ (16-4) 
i 
2 
where 9 = B, a , X 
using the technique of transformation of variables, we can write the 
density function of CL(X) as 
1 - -^[C^(X) - Zj_(X)B] 
P(C.(X)|8] = C.(X-1)( L_^)^ e (16-5) 
2: 
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where V. = C.(X) - Z.(X)B. Given that the C.(X)s are normally and 
1 1 1  1  
independently distributed, the likelihood function becomes 
n 
n . -z 
L[C,(X), . . C (X)|8] = n c.(X-l)*(16-6) 
^ ^ 1-1 1 2n 
- ^ ^[c. ( X)-Z. ( X)B 
e 20 
This function can be transformed into natural logarithm as 
In L (e|Cj,, . . C^) = X-1 I In C^(X) --| InZH-^ 
- "Y I [c^(X) - Zj^(X)b]^ (16-7) 
using equation 6-7, an iterative ordinary least-squares regression is 
applied to estimate the vector of parameters, 9 that maximizes the log 
likelihood function. 
The test of equality of Xs is accomplished using the likelihood ratio 
test as a test statistic: 
or - 2 In $ ~ X q 
where 
L(w): maximum log likelihood under Hq 
L(0): maximum bog likelihood over the entire parameter space 
q: number of restrictions imposed under 
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APPENDIX A 
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<?: u(Cp, C^ ] + X[PpF(Tp, X; A.ï] + w(T-Tp-C J-P^ ,Cp-P^ C^ -R. XJ 
^ : U. - Ap = 0 (A-1) 
: U„ - XW = 0 (A-2) 
!(>_ ; U„ - XP_ = 0 (A-3) 
<j) : X[P F -w]=0 (A-4) 
F F 
4»y: X[PpF^ -R.]=0 (A-5) 
PpF^Tp, X; A, T] + w(T-Tp-C^]-PpCp-P^M-R.X. (A-6) 
Allowing all Che variables in equations A-01 - A-06 to vary 
simultaneously, Che differential equations become 
U_ dC_ + U_ dC, + U- dC_ - P_dX 0 0= AdP„ (A-7) 
^FF ^ ^?L L CpM M F F 
U- dC„ + U„ dC + U_ dC„ - WdX 0 0 = XdW (A-8) 
"^LF ^ ^LL ^ ^LM " 
U_ dC, . dC, + U- dC_ - P^A 0 0= AdP_ (A-9) 
^MF F Cwi L M M" M 
-P„dC_ -WdC- -P_dC^ 0 0 0 = y (A-10) 
r r Jj MM 
0 0 0 OF dT F dx = 4^ - ^  dP (A-11) 
FF FX F Pp 
0 0 0 0 F^ d:c = |£ - ^  dPp (A-12) 
F Pp 
Where u = C^dP^^ - (pp-Cpj dP^ - (T-Tp-Cj^J dW - dV - WdT + X^dR^ 
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After rearranging the set of the linear equations A-07 to A-12, set in a 
matrix form as 
-P. 
U, 
FF FL FM 
"c "c "c 
LF LL LM 
"c "c "c 
MF ML MM 
-W 
0 0 
-P. 
-W 
-P. 
M 
0 
0 F 
0 F 
0 
0 
0 
0 
T T 
FF FX 
XT^ XX 
—^ 
dC, 
"^M 
= 
dX 
dT^ 
dX. 
1 
dW 
dP. 
M 
F 
(A-13) 
The matrix at the left most is a block diagonal partitioned matrix. 
Denote the determinant of the upper left submatrix as D and the lower 
right submatrix as B. represents the cofactor of the ijth element in 
0. Similarly B.. for the ijth element in 5. 
ij 
dC^ 
^^M 
= 
d A 
dT^ 
dX. 
1 
°11 °12 ^13 °14 
°21 °22 ®23 °24 
^31 °32 »33 *34 
\l °42 °43 °44 
0 
0 
®11 ®12 
®21 ^22 
AdPp 
XdW 
XdP 
F 
(A-14) 
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Note that D and B are a symmetric matrix and hence ~ ^ji 
B. . = B... Also, the second order condition for a constrained maximum 
ij 
requires the principal minors of D as well as B to alternate in sign. 
Then, using Cramer's rule, it can be shown that the direction of change 
in the choice variables is influenced through consumption and production 
parameters• 
• vii dPp - >4^ dw . X-|i dP„ t u (A-15) 
^12 ^22 ^32 ^42 
dTp = B ^ dP ) + B dPF) (A-17) 
F P F P 
F F 
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APPENDIX B: 
A SUMMARY DATA ON PRODUCTION AND 
CONSUMPTION OF REPRESENTATIVE FARMS 
Table B-1. A summary data on production and consumption of a representative farm - Shasheraene^ 
A. Resource use 
1. Area cropped 
(hectare) 
2. Labor Intensity 
(person-hrs/ha) 
3. Operating funds 
(variable cost/ha) 
B. Average output 
1. Per land (kg/ha) 
2. Per labor 
(kg/hr) 
C. Subsistence consumption 
('00 kgs per family 
per year) 
D. Nutritional contents 
1. Calories per '000 kg 
2, Protein per '000 kg 
E. Corn prices 
1. Farmer's price 
(Br/hg) 
2, Retail price 
(Br/hg) 
Lower plain 
villages Upland villages 
Corn Corn Teff Wheat Barley Sorghum 
1.20 
671.17 
50.00 
13.20 
1.97 
1.32 
409 
1 6 . 6  
1,311 
3.2 
0.4 
454.4 
2 2 . 2  
892.4 
1.96 
0.27 
416.2 
36.7 
0.14 
405 
30.3 
975.1 
2.41 
0.05 
11.5 
1,021 
6 . 2 1  
3.56 
0.083 
5.24 
3.56 
0.083 
0.84 
3.36 
0.083 
0.54 
3.34 
0.122 
3.34 
0.093 
0.65 
3.48 
0.076 
0.20 
0.25 
.18 
.24 
.41 
.45 
.27 
.35 
. 2 1  
.27 
. 2 1  
.25 
^Source; Survey data, 1977-78. 
Table B-2. A summary data on production and consumption for a representative farm-
Dangella 
Dfingella Villages Abella Villages 
Teff Barley Nlgerœed Obm Teff Millet Ni^ rseed Barley Cbm 
A. Resource use 
1. Area cropped 
(hectare) 1.30 0.37 0.27 0.19 1.4 0.73 0.60 0.35 0.30 
2. Labor intensity 
(person-hrs/ha) 576.32 472.25 264.17 893.47 528.16 633.16 301.14 300.04 — 
3. Operating funds 
(variable cost/ha) 16.15 35.0 22.88 17.16 18.15 26.3 22.88 20.5 17.16 
B. Average output 
1. Per land (kg/ha) 764 720 119 690 808 950 163.38 480 934 
2. rter labor 
(kg/hr) 1.33 1.52 0.43 0.77 1.53 1.78 0.54 1.59 
C. Subeistenœ consmçtlon 
( '00 kgs per family 
per year) 3.42 1.01 — 1.51 3.10 1.04 — 0.98 1.15 
D. Nutritional contents 
1. (hlories per '000 kg 3.36 3.34 — 3.56 3.36 3.26 — 3.34 3.56 
2. Protein per '000 kg 0.083 0.093 — 0.083 0.083 0.072 — 0.093 0.083 
E. Oam prices 
1. Farmer's price 
(BrA«) 0.340 0.230 0.340 .172 .32 .187 .362 .192 .187 
2, Retail price 
(Br/hg) 0.383 0.260 0.374 0.202 .351 .209 .383 .220 .203 
® Survey data, 1978-1979. 
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APPENDIX C: 
A SUMMARY DATA ON LABOR SUPPLY 
AND USES OF REPRESENTATIVE FARMS 
Table C-1. A summary data on labor supply and uses for a representative farm-Shashemene^ 
Plain Vill%es Upland Villgges 
Labor Labor Used Under Labor Labor Ifeed Uider 
Available Historic Made —%rket Mjde Available — Historic Mxle — — tfarket Mxle — 
Hnp. Bnp. Bnp. Bnp. 
Mxith Ifeurs Hours Ratio Rate Hours Ratio Rate Hours Hours Ratio Rate Hours Ratio Rates 
March 216.0 
April 205.2 148.87 .73 0.09 164.23 .80 0.10 205.2 40.72 0.20 .04 20.43 0.10 0.02 
h^y 225.0 210.16 .93 0.13 224.47 1.00 0.13 225.0 58.56 0.26 .06 29.97 0.13 0.03 
June 230.4 212.77 .92 0.13 201.80 .88 0.12 230.4 124.10 0.54 .13 87.75 0.38 0.09 
July 263.4 170.60 .65 0.11 167.76 .64 0.10 263.4 158.55 0.60 .17 114.04 0.43 0.12 
August 263.2 252.49 .96 0.16 263.2 1.0 0.16 263.2 173.69 0.66 0.17 204.06 0.76 0.21 
feptatJber 236.52 64.08 0.27 0.04 96.79 0.41 0.06 236.52 47.02 0.20 .05 56.76 0.24 0.06 
October 288.0 76.96 .28 0.05 92.76 .32 0.06 288.0 78.84 0.27 .08 137.73 0.48 0.14 
tfcvaiber 295.20 141.98 .48 0.09 163.53 .55 0.10 295.20 172.29 0.58 .18 210.64 0.71 0.22 
December 306.00 203.46 .66 0.13 191.37 .63 0.11 306.00 146.54 0.48 .16 105.46 0.34 0.11 
January 
February 
Season 
Ifer-Ifey 646.20 359.03 0.56 0.23 388.7 0.60 0.23 646.20 99.28 .15 .10 50.40 .08 .05 
June-ALg 757.00 635.86 0.84 0.40 632.76 0.84 0.38 757.00 456.34 0.60 0.45 405.85 .54 .42 
Sept-Oct 524.52 241.04 0.46 0.15 289.55 0.55 0.17 524.52 125.86 .24 0.13 194.49 .37 .20 
Nov-Dec 601.20 345.44 0.57 0.22 354.90 0.59 0.21 601.20 318.83 .53 0.32 316.10 .53 .33 
Crop Year 2528.2 1481.37 0.59 1565.91 0.62 2528.72 1000.32 0.40 966.84 0.38 
^ Source: Survey data, 1977-78. 
Table C-2. A summary data on labor supply and uses for a representative farra-Dangella 
Dangella Villages Abella Villages 
labor labor Used Ihder labor labor Used Uider 
Available Historic MxJe Market (txk Available — Historic Made — — Market Mode — 
Hnp. Hnp. Hnp, Hnp. 
bbnth Hxirs Hours Ratio Rate Hours Ratio Rate Hours Hours Ratio Rate Hours Ratio Rates 
April 234.13 13.87 0.06 0.01 
May 280.48 45.18 0.16 0.04 51.49 0.18 0.04 280.48 42.75 0.15 0.03 45.50 0.16 0.03 
June 280.48 106.29 0.38 0.08 77.22 0.28 0.06 280.48 105.23 0.38 0.07 138.36 0.49 0.09 
July 280.45 209.54 0.75 0.16 174.99 0.62 0.14 280.45 235.49 0.84 0.15 262.26 0.94 0.16 
August 296.06 120.58 0.41 0.09 116.48 0.39 0.09 296.06 245.22 0.83 0.16 296.10 1.0 0.18 
September 234.13 51.00 0.22 0.04 57.04 0.24 0.04 234.13 101.74 0.43 0.07 98.15 0.42 0.06 
October 307.13 90,98 0.30 0.07 116.67 0.38 0.09 307.13 75.45 0.25 0.05 137.72 0.45 0.08 
November 307.34 55.49 0.18 0.04 62.47 0.20 0.05 307.34 82.86 0.27 0.05 78.85 0.26 0.05 
December 307.34 256.98 0.84 0.20 307 j4 1.0 0.24 307.34 294.05 0.96 0.19 307 JO 1.0 0.19 
January 307.34 188.22 0.61 0.15 173.07 0.56 0.13 307.34 155.94 0.51 O.IO 105.76 0.34 0.07 
February 324.39 137.54 0.42 0.11 158.54 0.49 0.12 324.39 213.56 0.66 0.14 152.83 0.47 0.09 
Season 
Mar-May 779.91 59.05 0.08 0.05 51.49 0.07 0.04 280.48 42.75 0.15 0.03 45.50 0.16 0.03 
June-Aug 856.99 436.41 0.51 0.34 368.69 0.43 0.29 856.99 585.94 0.68 0.38 696.72 0.81 0.43 
Sept-Oct 541.26 141.98 0.26 0.11 173.71 0.32 0.13 541.26 177.19 0.33 0.11 235.87 0.44 0.15 
Itov-Dec 1246. 1 638.23 0.51 0.50 701.42 0.56 0.54 1246.41 746.41 0.60 0.48 644.74 0.52 0.40 
Crop Year 2878.79 1275.67 0.44 1295.31 0.45 2925.14 1552.29 0.53 1622.83 0.55 
® Source; Survey data, 1978-79. 
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APPENDIX D: 
AVERAGE PRICES FOR 
SELECTED COMMODITIES, 1978 
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Table D. Average retail prices for selected commodities, 1978' 
Alelu 
market 
Negella 
market 
Dangella 
market 
Addis kidame 
market 
Eth. Birr 
Teff ('00 kg) 
Barley ('00 kg) 
Corn ('00 kg) 
Sorghum ('00 kg) 
Nigerseeds ('00 kg) 
Coffee (kg) 
Salt (kg) 
Sugar (kg) 
Farm implements 
Plough tip 
Hoe 
Sickles 1 
Axe 
79.0 
31.20 
25.0 
29.0 
2.01 
0.75 
1.24 
7.40 
6.27 
6.17 
5.50 
45.0 
27.0 
24.0 
25.0 
4.77 
0.73 
1.27 
6.59 
6.10 
5.97 
5.50 
33.0 
26.0  
2 1 . 0  
36.2 
5.35 
0.78 
1.15 
10.62 
3.00 
35.1 
22.0 
20.3 
38.3 
5.58 
0.80 
1 .20  
7.61 
1.25 
Live animals (unit) 
Heifer 83.62 119.10 104.10 
Bull 67.70 116.38 101.60 
Ox 166.70 184.00 148.34 
Goat 20.5 24.39 18.31 
Sheep 24.5 29.42 32.70 
115.69 
105.07 
152.20 
35.0 
^Source: Survey data, 1978. 
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METRIC EQUIVALENTS AND 
CURRENCY EXCHANGE RATE 
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Table E. Metric equivalent and currency exchange rate 
Area 
1 hectare (ha) = 2.47 acres 
Weight 
1 Quintal (Q) = 100 kilograms 
1 kilogram (kg) = 2.20 pounds 
Length 
1 meter = 3.28 feet 
1 meter = 1.09 yards 
I kilometer = 0.621 mile 
Currency exchange rate 
1 Eth. Birr = U.S. $0.48 
